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The problem of establishing the number of possible isomers of the 
alcohols of increasing carbon content has attracted the attention of var-
ious workers during the past sixty-five years. No general solution of the 
problem appears to be possible, but the brilliant attack by Henze and 
Blair1 makes the calculation of the number of isomeric alcohols of any 
given carbon content from the number of those of fewer carbon atoms a 
not too arduous task. Going further and with a similar approach, Henze 
and Blair2 devised formulas for calculating the number of stereoisomeric 
and non-stereoisomeric alcohols of a given carbon content, again, of 
course, presupposing such a knowledge for the alcohols of one less carbon 
content. By stereoisomeric was meant any compound capable of resolu-
tion into optically active forms, irrespective of the number of centers of 
asymmetry or the number of such isomers possible for a given structural 
isomer; non-stereoisomers are those simply lacking a center of asym-
metry and for which, of course, only one isomer is known. The method 
thus counts all of the isomers, and distinguishes those which have asym-
metric carbon atoms from those that do not, but does not state how many 
have two, three, etc. asymmetric carbon atoms. 
We have now adapted the method of approach of Henze and Blair to 
a more general treatment of the problem which does yield this informa-
tion. It has been necessary to introduce a factor, which for convenience 
is designated as the "asymmetry number" and to recast the notation of 
Henze and Blair in a somewhat more symbolic and condensed form. 
The asymmetry number, a, is the number of possible stereoisomeric 
forms of a given structural isomer. For all compounds having no center 
of asymmetry, it has the value l; these are the non-stereoisomeric forms 
of Henze and Blair. For a structural isomer containing one asymmetric 
carbon atom, a equals 2. For a structural isomer having two asymmetric 
carbon atoms, a may be 3 or 4 depending on whether the groups sur-
rounding the asymmetric atoms are the same in the two cases or not; 
where the groups are not the same, a has the value 4, or in general, if 
n be the number of different asymmetric carbon atoms, the number of 
stereoisomers is 2n. Tartaric acid is, of course, the most common example 
of the other case, the asymmetric carbon atoms being surrounded by the 
same groups; a has the value 3, corresponding to the d-, l-, and meso-
forms. This situation cannot arise among the alcohols but does among 
the hydrocarbons and glycols. 
'Henze, H. R., and C. M. Blair. J. Amer. Chem. Soc., 53, 3042, (1931). See this paper 
also for a bibliography of earlier work. 
• J. Amer. Chem. Soc., 54, 1098 (1932). 
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For a given number n of carbon atoms, the number of structural 
isomers of any given asymmetry number is represented by T n,a and the 
number of stereoisomers of any given asymmetry number is then T' n,a, 
which is equal to aT n,a· The total number of stereoisomers of all types 
for a given number of carbon atoms, T" n, is then the sum of these T' n.a 
values for values of a which occur for this n , 
T"n =~a T'n.a 
The general process of counting the number of isomers for a given n 
consists in considering the groups attached to the carbon atom carrying 
the hydroxyl group and coupling them in all possible manners. In the 
method of development the primary, secondary, and tertiary alcohols 
are considered separately. The primary alcohols may be considered as 
being derived by the attachment of an alkyl group having one less carbon 
atom to the carbon atom carrying the hydroxyl group. The number of 
primary alcohols is then the same as the total number of alcohols of all 
types having one less carbon atom, for the hydroxyl group may simply be 
replaced in each of these by-CH2-0H. Moreover, no change in asymmetry 
number occurs since no new asymmetric carbon atom is introduced. Sym-
bolically, then, 
Type 1 Pn,a = T n-1, a 
The secondary alcohols may be considered as being derived by the 
attachment of two alkyl groups, R 1 and R2, to the carbon atom carrying 
R1 H 
"' / the hydroxyl group C and the isomerism of the alcohol 
/ "' R2 OH 
thus represented will depend on the similarities and differences of the 
attached groups. If the two attached groups have different numbers of 
carbon atoms, they are necessarily totally dissimilar, and this is repre-
sented symbolically by R 1 - 0 R2 • The two groups may have the same 
number of carbon atoms, but if their asymmetry numbers are different 
they are alike in only this one respect, and this is represented by R 1 - 1 R 2 ; 
if the asymmetry numbers are also the same, the groups may or may not 
be alike structurally; thus the propyl groups 
H 
I 
HaC-C-CHa and H 3C- CH2-CH2-
I 
have the same asymmetry number, 1, but are structurally different. This 
is represented by R 1 - 2 R2. If, on the other hand, they are also structur-
ally alike, and the asymmetry number is two or greater, they may still 
differ from each other enantiomorphically, that is, d from l; similarity to 
this extent is represented by R 1 - 3 R2. The symbol R 1 - 4 R2 to indicate 
absolute identity in all respects-number of carbon atoms, asymmetry 
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number, structural arrangement, and stereochemical configuration-
would seem natural but turns out to be unnecessary. 
Where three groups are attached to the carbon atom bearing the 
hydroxyl group, R1 - 0 R2 - 0 Ra indicates that the three attached groups 
are all of unequal carbon content; R1 - 1 R2 - 0 R3 that two of the groups 
are of equal carbon content but of different asymmetry number; R1 - 3 
R2 - 1 Ra that all have the same carbon content and that two groups also 
have the same asymmetry number and are structurally alike but that the 
third group has a different asymmetry number; and so on. The first of 
these statements as given would make a greater similarity between R 1 
and Ra possible. We shall, however, adopt the convention that radicals 
connected by such similarity chains have the lowest degree of similarity 
mentioned in any intermediate link. 
In the case of the secondary alcohols, the sum of the carbon atoms in 
the two attached groups is one less than the total number of carbon atoms. 
Two cases arise: (a) if n is an even number, then the groups cannot be 
of equal carbon content, and (b) if n is odd, they may. For either case a 
contribution to the number of secondary alcohols, s,.,a, is given by 
Type2 ~i,j ~fl,'Y T ;,,13T1,-y Rl-0R2 
i + j = n - 1 a = 2fl'Y i> j 
where i is the number of carbon atoms in one of the attached groups, j 
the number of carbon atoms in the other, and~ and y are the asymmetry 
numbers of the groups. A new center of asymmetry has been created in 
this process, since all of the groups attached to the central carbon atoms 
are different, and the asymmetry number is two times the product of the 
asymmetry numbers of the two groups. 
In case (b) , n odd, there are in addition the further combinations in 
which the two groups have the same number of carbon atoms. This gives 
rise to three types 
Type 3 ~ fJ,'Y 
a = 2p-y 
Type 4 
a = 2p' 
Type 5 
a = 2fl2 
T,._1 
- .{3 
2 
T,._1 
1hT n- 1 
- .13 
2 
T,._1 
- ,{3 
2 
- .'Y 
~ 
(T,._1 -1) 
- ,{3 
2 
s,.,a is then the sum of the numbers found for these four types. 
The formula for type 3, the first of these three formulas, is immedi-
ately obvious, since for each of the groups T ,._1 there can be attached to 
-,{3 
2 
the carbon atom carrying the -OH group T ,._1 groups, and since the 
-,"/ 
2 
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groups are of different asymmetry number and different structurally a 
new asymmetric carbon atom has been created, and therefore a = 2~y. 
Type 4 deals with the case where the two groups have the same asym-
metry number but may still be structurally different; the total number 
is given by3 
C2 T,,_1 
-,(3 
2 
This is the number of distinct pairs of the T ,,_1 isomers. The factor 1h 
-,{3 
2 
enters since the two positions are identical. A new asymmetric carbon atom 
appears here and so a= 2~2• Type 5 deals with the case where the two 
groups have the same asymmetry number, are alike structurally, but dif-
fer enantiomorphically. There are T ,,_1 such groups, and for any one of 
-,{3 
2 
these, ~ may occupy one position and ~ the other, the new asymmetry 
number being a= ~2• Of these, in~(~ -1) cases, the radicals are differ-
ent enantiomorphically. Interesting members of this case are the com-
pounds containing three asymmetric carbon atoms two of which are 
identical. The first alcohol of this type is the nine-carbon alcohol di-
sec-butyl carbinol, each of the butyl radicals having an asymmetric car-
bon atom, ~ thus being 2. Either a d- or Z-sec-butyl group may occupy 
one position and either a d- or Z-sec-butyl the second. The combinations 
d-sec-butyl-Z-sec-butyl and Z-sec-butyl-d-sec-butyl are enantiomorphic, a 
new asymmetric carbon atom having been created since the groups are not 
alike. The central carbon atom does not become asymmetric in the com-
binations d-sec-butyl-d-sec-butyl or Z-sec-butyl-Z-sec-butyl since the 
two groups are identical in each case. Four stereoisomeric forms thus 
exist as indicated by the value of a = 4. 
The tertiary alcohols (types 6-15) may be derived from the carbon 
atom carrying the hydroxyl group 
I 
-C-OH 
I 
by the attachment of three alkyl groups, Ri. R2 , and Rs such that the 
sum of the numbers of carbon atoms in the three groups is n - 1. Three 
cases arise, depending on whether the carbon contents of the three 
groups are (a) all different (type 6), (b) two the same (types 7 through 
9), or (c) all the same (types 7 through 15). 
For case (a) the number of tertiary alcohols is given by 
Type 6 li,j,k l fJ,'Y,a T.,fJ T ,,"f Tk,6 Rl,....,o R2,....,o Rs 
i+3+k=n-1 a.=2fJ'Y6 
i>3>k 
i, j, and k being the carbon contents of the attached groups, and~. y, and 
n(n-l)(n-2) .... (n-r+l) 
1 
,.C, , the number of combinations of n objects taken 
r! 
rat a time. 
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~ their asymmetry numbers. The asymmetry number of these alcohols 
is twice the product of the asymmetry numbers of the groups Ri, R2, 
and R3, since a new asymmetric carbon atom is created. 
Case (b) in which two of the groups are of equal carbon content is 
quite similar to case (b) of the secondary alcohols where the two at-
tached groups are of equal carbon content, the number of isomeric forms 
of the unlike group T1.'Y, entering as a multiplying factor. 
Type 7 ~i,j ~ {J,"(,15 T•.P T •. 'Y T, ,o Ri-1 R2-o Rs 
i=l=j {J > 'Y 
2i+j=n-1 a= 2{J"(/5 
Type 8 1h~i,j ~/3.'Y T •.P (T;,,p -1) T,,')' Ri-2 ~-o Rs 
a= 2f3''Y 
Type 9 ~i,j ~ fJ,'Y T;,,p T ;,')' Ri-a R2-o Rs 
a= fJ''Y 
Case (c) in which all three groups are of the same carbon content 
can only occur when the number of carbon atoms is one greater than a 
multiple of three. 
Type 10 ~{J,"(,15 T•.P T ,,')' T ,,o Ri-1 ~-1 Rs 
3i=n-1 
fJ>'Y>l5 
a= 2{J"(l5 
Type 11 1h~f3.'Y T;,,p (T,,p-1) Ti,')' Ri-2 R2""1 Rs 
fJ=l='Y 
a= 2fJ''Y 
Type 12 ~fJ.'Y Ti.P Ti,')' Ri-'s R2N1 Rs 
fJ=l='Y 
.. = fJ''Y 
Type 13 1/6 T,,p (T.,p -1) (T.,p - 2) Ri-2 R2""2 Ra 
.. = 2/3' 
Type 14 T;,,p (T;,,p -1) Ri-'s ~-2 Rs 
a= f3' 
Type 15 T;,,p Ri-'s R2-'8 Ra 
.. = ({J/3) ({J' + 2) 
In type 10 the three groups are of unequal asymmetry numbers, and 
the number of new alcohols is simply the product of the numbers of alco-
hols of the three groups summed over all the possible combinations of 
groups such that the total carbon content of the three groups is n - 1, 
and over all values of their asymmetry numbers which occur. 
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In type 11 two groups have the same asymmetry number but still 
differ structurally, and the third group has a different asymmetry num-
ber; the situation is similar to types 4 and 8. In type 12 two groups are 
alike structurally, the third having a different asymmetry number; this 
type is analogous to types 5 and 9. 
In type 13 all of the three attached groups have the same asymmetry 
number but differ structurally. The first position may be occupied by 
T •. fJ groups, the second by T,,fJ -1, and the third by T ,,fJ - 2; many of 
these are the same, however, since the three positions are identical, so 
that the number of different isomers is given by 1/ 6 of the product 
(three different groups can occupy three positions six different ways, 
but, if the positions are identical, in only one way). A new asymmetric 
carbon atom is created so that the asymmetry number is twice the 
product of the asymmetry numbers of the groups, that is a= 2p3 • 
Two of the attached groups become structurally alike in type 14 so 
that Ti.fl forms can occupy the first and second positions, T i. fl -1 the 
third; the number of new isomers then is the product T •. fJ (Ti.fl -1). No 
new asymmetric carbon is created here so . that the asymmetry number 
is merely the product of the asymmetry numbers of the three groups. 
The last type deals with the case where all three of the attached 
groups are structurally alike, differing only stereoisomerically. There 
are T •.fJ such forms, and the asymmetry of the alcohol molecules formed 
will depend on the enantiomorphic relations of the attached groups. In 
one case these could all be different, for example, for a group of asym-
metry number four, the three could be dd, dl, and ld; a new asymmetric 
carbon would then be formed, and we have the contribution to a of 
2pC3*. Or two of the three may be absolutely identical, or again all 
three may be; in either case no new asymmetric carbon atom is formed, 
and the asymmetry number then has the further terms P (p - 1) and p. 
Accordingly, 
a= 2/6 p <P - 1) <P - 2) + p <P - 1) + p = P/3 <P2 + 2) 
as given above. An exceptionally interesting compound of this type is 
the nineteen-carbon alcohol [C2H 5CH (CH3) CH (CH3) ]aCOH which 
should exist in twenty-four forms, in eight of which the central carbon 
atom is asymmetric. 
The use of these formulas in computing the number of alcohols of a 
given carbon content is illustrated in the following example, Table I, in 
which the number of ten-carbon alcohols of the various types is calcu-
lated. The values for the lower alcohols needed are taken from Table II. 
We then tabulate the values obtained in this manner (Table IB), 
grouping all of the forms for a particular value of the asymmetry num-
ber together, still indicating from which type they were derived and 
whether primary, secondary, or tertiary: 
n(n-1) (n-2) .... (n-r-t-1) 
• nC,- , the number of combinations of n objects taken 
r! 
rat a time. 
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This process has been extended through the twenty-carbon alcohols, 
and the results are summarized in Table II. For each value of n and a, 
the numbers of primary, secondary, and tertiary alcohols are given, and 
the total numbers of structural and stereoisomers for the primary, sec-
ondary, and tertiary alcohols, and also for each asymmetry number, are 
given. 
The values obtained in this manner for the total number of struc-
tural isomers and stereoisomers agree with the values given by Henze 
and Blair except in the cases of nineteen- and twenty-carbon alcohols 
where their values for the total number of stereoisomers is 1,000 lower. 
These differences are due to an error in the calculation of the number of 
nineteen-carbon alcohols, for a repetition of the calculation using the 
method of Henze and Blair1 •2 yields the same results as the present 
method. 
SUMMARY 
A new method ,of computing the number of stereoisomeric alcohols, 
following somewhat the lines previously laid down by Henze and Blair, 
has been devised, which makes possible the calculation of the number 
of stereoisomeric alcohols, or monosubstituted saturated aliphatic hydro-
carbons in general. A new term, the asymmetry number, has been intro-
duced and the field reduced to fifteen types which make possible the 
calculation of the number of alcohols of all possible configurations. The 
number of stereoisomeric alcohols of each of the asymmetry numbers 
which occur through the twenty-carbon alcohols has been computed. 
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TABLE I 
THE COMPUTATION OF THE NUMBER OF STEREOISOMERIC ALCOHOLS CONTAINING TEN 
CARBON ATOMS 
PART A-Application of Formulas 
n Type Source Term a n Type Source Term a 
10 1 T.,1 39 1 10 6 To,1 T,,1 Tl,1 8 2 
To.• 102 2 Te,2 T,,1 Tl,1 8 4 
T •.• 63 4 Te,• T2,1 T1,1 1 8 
T •.• 7 8 To,1 Ta,1 T1,1 10 2 
2 Ts,1 T1,1 23 2 T ,,, Ta,1 T1,1 6 4 
T,,, T1,1 46 4 T,,1 Ta,1 To.1 6 2 
Ts.• T1,1 19 8 T,,, Ta,1 T.,1 2 4 
Ts,s T1,1 1 16 7 T,,. T •. 1 Tl,1 3 4 
T,,1 T,,1 14 2 8 JhT,,1 (T,,1 - 1) T1,1 3 2 
T1,2 T2,1 20 4 9 T,,1 Tl,1 3 1 
T1.• T,,1 5 8 T,,, T1,1 1 4 
Te,1 Ta,1 16 2 T,,1 T,,1 5 1 
To,2 T1,1 16 4 T,,1 T,,, 3 2 
Te,• Ta,1 2 8 T1,1 T1,1 14 1 
To,1 T,,1 15 2 T1,1 T1,. 20 2 
T,,, T,,, 9 4 T1,1 T1,• 5 4 
T,,1 T,,, 5 4 14 T,,,(Ta,1-1) 2 1 
T, ,, T,,, 3 8 15 Ta,1 2 1 
PART B-Rearrangement and Summary 
n a Type Pn.,a Sn., a t.. .• Tn,a aTn,a 
10 1 1 39 
9 22 
14 2 
15 2 65 65 
2 1 102 
2 68 
6 24 
8 3 
9 23 220 440 
4 1 63 
2 96 
6 16 
7 3 
9 6 184 736 
8 1 7 
2 29 
6 1 37 296 
16 2 1 1 16 
-- --
507 1,553 
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TABLE II 
Tm: NUMBERS OF STRUCTURAL AND STEREOISOllIERIC ALCOHOLS 
n = number of carbon atoms p=primary s=secondary t=tertiary 
a=asymmetry number (the number of stereoisomers of each of a given structural 
isomer) 
Tn,• =number of structural isomers aTn,• =number of stereoisomers 
~----=-======================================================= 
Values of a 
I n 1 2 4 8 16 32 2:Tn,• 2:aTn,• 
Ip 1 1 1 
2p 1 1 1 
-·-·---·-·· 
3p 1 1 1 
8 1 1 1 
Ta .• 2 2 
aT,,. 2 2 
4p 2 2 2 
8 1 1 2 
t 1 1 1 
T •.• 3 1 4 
aT •.• 3 2 5 
- · 
5p 3 1 4 5 
8 1 2 3 5 
t 1 1 1 
T,,. 5 3 8 
aT,,. 5 6 11 
·----
6p 5 3 8 11 
8 5 1 6 14 
t 3 3 3 
T •.• 8 8 1 17 
a Ta,. 8 16 4 28 
-
7p 8 8 1 17 28 
s 2 9 4 15 36 
t 4 3 7 10 
T,,. 14 20 5 39 
aT,,. 14 40 20 74 
--· 
Sp 14 20 5 39 74 
s 19 13 1 33 98 
t 9 7 1 17 27 
Tn,• 23 46 19 1 89 
aTn,• 23 92 76 8 199 
9p 23 46 19 1 89 199 
• 3 35 38 6 82 273 t 13 21 6 40 79 
T •.• 39 102 63 7 211 
aT •.• 39 204 252 56 551 
lOp 39 102 63 7 211 551 
s 68 96 29 1 194 768 
t 26 50 25 1 102 234 
Tto,• 65 220 184 37 1 507 
aT10,a 65 440 736 296 16 1,553 
llp 65 220 184 37 1 507 1,553 
s 5 124 238 106 9 482 2,197 
t 40 117 81 11 249 686 
Tu,. 110 461 503 154 10 1,238 
ctTn,a 110 922 2,012 1,232 160 4,436 
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TABLE II (Continued) 
Values of a. 
n 1 2 4 8 16 24 
12p 110 461 503 154 10 
s 232 552 349 54 
t 74 255 245 55 2 
Tu.a 184 948 1,300 558 66 
a.Tu,a 184 1,896 5,200 4,464 1,056 
·-13p 184 948 1,300 558 66 
s 8 420 1,252 1,037 251 
t 118 553 678 234 19 
T13, a. 310 1,921 3,230 1,829 336 
a.T1:i,a 310 3,842 12,920 14,632 5,376 
14p 310 1,921 3,230 1,829 336 
s 768 2,765 2,909 992 
t 210 1,147 1,754 842 119 
Tu,a 520 3,836 7,749 5,580 1,447 
a.Tu, a 520 7,672 30,996 44,640 23,152 
15p 520 3,836 7,749 5,580 1,447 
s 14 1,379 5,995 7,732 3,525 
t 342 2,359 4,363 2,765 585 
Ti6,a 876 7,574 18,107 16,077 5,557 
aT1~.a 876 15,148 72,428 128,616 88,912 
-
l6p 876 7,574 18,107 16,077 5,557 
s 2,487 12,673 19,789 11,513 
t 595 4,749 10,552 8,383 2,480 
Ti6, a 1,471 14,810 41,332 44,249 19,550 
a.T10,a 1,471 29,620 165,328 353,992 312,800 
----· 
17p 1,471 14,810 41,332 44,249 19,550 
s 23 4,437 26,507 48,948 35,340 
t 981 9,458 24,688 24,113 9,349 
Tu,a 2,475 28,705 92,527 117,310 64,239 
a.T11,a 2,475 57,410 370,108 938,480 1,027,824 
18p 2,475 28,705 92,527 117,310 64,239 
s 7,924 54,509 117,897 102,944 
t 1,684 18,583 56,573 66,138 32,483 
Tts, a 4,159 55,212 203,609 301,345 199,666 
a.Tis, a 4,159 110,424 814,436 2,410,760 3,194,656 
--~ 
19p 4,159 55,212 203,609 301,345 199,666 
s 39 14,056 111,066 277,244 287,692 
t 2,798 36,217 126,813 174,902 105,488 1 
T10, a 6,996 105,485 441,488 753,491 592,846 1 
a.Tut, a 6,996 210,970 1,765,952 6,027,928 9,485,536 24 
- . 
20p 6,996 105,485 441,488 753,491 592,846 1 
s 24,925 223,548 639,122 775,658 
t 4,763 69,890 279,613 448,049 324,840 
T20,a 11,759 200,300 944,649 1,840,662 1,693,344 1 
a.T20,a 11,759 400,600 3,778,596 14,725,296 27,093,504 24 
-----·-·---- ------ ---
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Values of a 
32 64 128 256 512 2:T n,a 2:ciTn.a 
1,238 4,436 
1 1,188 6,360 
631 2,036 
1 3,057 
32 12,832 
1 3,057 12,832 
12 2,980 18,552 
1,602 6,112 
13 7,639 
416 37,496 
13 7,639 37,496 
93 1 7,528 54,780 
2 4,074 18,224 
108 1 19,241 
3,456 64 110,500 
108 1 19,241 110,500 
520 16 19,181 162,672 
29 10,443 54,920 
657 17 48,865 
21,024 1,088 328,092 
657 17 48,865 328,092 
2,449 148 1 49,060 486,154 
219 3 26,981 166,245 
3,325 168 1 124,906 
106,400 10,752 128 980,491 
3,325 168 1 124,906 980,491 
10,104 990 20 126,369 1,461,197 
1,291 43 69,923 505,201 
14,720 1,201 21 321,198 
471,040 76,864 2,688 2,946,889 
14,720 1,201 21 321,198 2,946,889 
37,952 5,411 225 1 326,863 4,413,988 
6,305 389 3 182,158 1,541,014 
58,977 7,001 249 1 830,219 
1,887,264 448,064 31,872 256 8,901,891 
58,977 7,001 249 1 830,219 8,901,891 
132,126 25,648 1,754 25 849,650 13,393,855 
27,247 2,614 61 476,141 4,716,540 
218,350 35,263 2,064 26 2,156,010 
6,987,200 2,256,832 264,192 6,656 27,012,286 
218,350 35,263 2,064 26 2,156,010 27,012,286 
433,139 109,111 11,031 327 1 2,216,862 40,807,290 
106,839 14,603 636 4 1,249,237 14,480,699 
758,328 158,977 13,731 357 1 5,622,109 
24,266,496 10,174,528 1,757,568 91,392 512 82,300,275 

PROPERTIES OF A GENERALIZED OPERATOR 
FRED ROBERTSON 
From the Department of Mathematics, Iowa State College 
1. HISTORY AND DEFINITION 
Leibnitz, who in 1695 considered the meaning to be given the symbol 
d%y 
---, was the first to seek a generalized definition of a derivative, but 
dx~2 
Liouville is considered the creator of the theory. He used the form 
( 1.1) 
of which the nth derivative is ~Aamea"' where A, a, n are any numbers 
whatsoever, independent of x. 
In 1874, Letnikoff defined the derivative of f(x) of order -p, as the 
value of the integral 
( 1.2) - 1-j,"' f(t) (x-t)P-1dt r (p) "'o 
where p is a positive number. This definition reduces to that of Liouville 
and has the advantage that it gives precise results. 
Laurent1 proposed a definition of the generalized derivative which 
reduced to that of Letnikoff. He chose the value of the integral 
(1. 3 ) r(n+l)j f(t) dt 
2?ri (t-x)n+I 
taken along a loop consisting of a rectilinear part and a circular part 
described about x ·as center. 
If the function f(x) may be expanded in a series arranged in ascend-
ing powers of t-x, namely, 
f ( x) = f ( t) + ( t - x) f' ( t) + ( t--; ~) 2 !" ( t) + ... , 
the integral (1.3) becomes 
r ( n+ 1) f e(t- :i:) z 
2?ri (t-x)n+1 dt ~ f(x) 
where the symbol z means d/dx. The operational expression 
(1.4) r(n+l)J e<t-:i:) z d 
2?ri c (t-x)n+1 t 
taken along the previously designated path, will be called the generalized 
operator and designated by the symbol Q,. (x, z). If n is a positive integer, 
1 Sur le calcul des derivees a indices quelconques. Annales des Mathematiques, 
1884. 3, serie 3, p. 240-53. 
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a negative integer, or zero, this function is the ordinary nth derivative, 
nth integral or unit operator respectively. 
As an illustration let us choose n positive and less than one; then the 
value of Qn (x, z) along the first part of the loop is 
r(n+l) f"' ~~dt 
271'i }xo (t-x)n+1 • 
Its value along the circular part is zero; and along the last part is 
r ( n+ 1) f "'o e<t-x)z dt e-2(n+l) .-i 
271'i x (t-x)n+i · 
The variable t having turned about the point x, the exponential factor 
appears and the derivative is 
( 1. 5) I'(n+l) (1- e-2(n+I).-i) ("' e(t-x)z dt' 271'i Jxo (t-x)n+1 ' 
which may be written 
(1. 6) r(n+l) e<n+l).-i_ e-<n+l).-i f,"' e<t-x)z - dt 2i "'o (x-t)n+i 
since 
e(n+I).-i = ( e.-i)n+l = ( -1 )n+I. 
The derivative (1.5) becomes 
( 1. 7) 
when the relation 
is used. 
1 f x e<t-x)z 
---- dt 
r(-n) "'o (x-t)n+l 
. (?l'+l) =I'(-nJI'(n+l) 
sm n 71' 
When p replaces -n and the function defined by (1.7) operates upon 
f(x), the result is the definition of Letnikoff. 
If we choose n = -n', x 0 = 0, s = x-t, the expression (1.7) becomes 
( 1.8) 1 / "' --- e-••sn'-1 ds 
r( n') 0 
which is the definition of this operator as given by Davis.2 
When the number n is a positive integer one may not neglect the 
f e<t-x)z function ( t- x )n+i dt along the circular part of the path. In this case, 
the integral along the line contributes nothing; and by virtue of the cal-
culus of residues, that along the circular part may be evaluated. 
• H. T. Davis. A Survey for Methods of Inversion of Integrals of Volterra Type, 
Indiana University Studies, No. 76-7, p. 32. 
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Let us try some examples. Suppose n = 1; then 
r en+l)j e<t-x)z r e2)1 Je t ) 
27ri et - x)n+i dt-? J ex )= 27ri et-x ) 2 dt 
=~j_ f !Ct L dt = 1' ex ) 27ri dx et- x ) 
since the integral along the line is zero. 
Let us suppose n =a; then for O<a<l and f (t) =a, we obtain 
ren~l)f e<t-x)z dt-7 J ex )= rea~l ) el-e-2(a+l)wi)j a dt 
27ri et- x )n+i 27ri et- x )a+i 
1 /, "' a 
= re -a) "'o ex -t)a+I 
a d j, "' dt 
= - a re _:~ dx "'o ex - t)a 
a 
= 
a re-a) ex -xo)a 
which is the a derivative of the constant a. 
If n = - m where m is a positive integer, and x 0 = 0, then 
ren+l)j e<t-x)z 
- - -- dt 27ri ( t-x )n+i 
becomes 
re 1- m ) 
- ----
71" 
1- e-2(1-m)wi f x 
_ _ 2_i_' -- 0 e<t- x)•(t- x )m- 1 dt, 
or 
1 / "' --- e< t- x)•ex -t) m -1 dt rem) 0 
which is 
( 1. 9) f x • •• f x e<t-x)z e dt) m 
0 0 
by a theorem of integral equations. The expression (1.9) is the ordinary 
nth integral operator of the calculus. 
Let us suppose x 0 = 0 and pass to the limit as x increases without 
bound for n positive, or as x approaches zero for n negative; then (1.9) 
becomes 
ei.10) I. 't f "' f"' 1 lffil • • • e<t-z)• edt)n= -1~~ ~~8 ~ =:o 0 0 zn 
which by the definition of z is the ordinary nth integral for n positive; the 
ordinary nth derivative for n negative. Operationally equations (1.9) and 
(1.10) are equivalent. 
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2. THE DIFFERENTIAL EQUATION 
The operations indicated in the table 
r ( n+ 1) f e<t-z)z 
-nx Qn(x,z) = 211'i (t-x)n+i dt 
a r ( n+ 1) f e<t-z)z 
l+xz-n az Qn(x,z) = 211'i (t-x)n dt 
a2 r ( n+ 1) f e<t-z)z 
z az2Qn(x,z) = 211'i (t-x)n-1 dt 
lead to the differential equation 
( a2 a ) z az2+ (l+xz-n) az -nx ~ Qn(x,z) 
- r(n+l)J e<t-z)z [(n-1)2 J -
- 211'i (t-x)n+i z + ( l-n)x dt- 0 
(2.1) 
which will be written in the form 
(2.2) z U~' (x, z) + (l+xz-n) U~ (x,z )-nx Un (x, z) =0. 
A second independent solution of (2.2) is z-11 as may be determined by 
substitution. These two independent solutions of equation (2.2) are 
equivalent operators. · 
The differentiation of each member of equation (2.2) partially with 
respect to the parameter n leads to the logarithmic operator.3 
3. THE DIFFERENCE EQUATION 
The partial derivatives of the set of functions Q,. (x, z) with respect 
to z may be expressed in terms of functions of the set. For instance 
aQn(xz) nr(n)fe(t-x)z (3.1) az' = 2;i- (t-x)" dt= -nQn+i(x,z). 
Similarly 
(3.2) a2 Qn ( x, z) ( + 1) Q ( ) a z2 n n n+2 x, z • 
Inserting the results (3.1) and (3.2) in equation (2.1) and lowering 
the subscripts by unity yield the recursion relation 
n Qn+i(x,z )-(n+xz) Qn(x,z )-x Qn-1(x,z) =0 
connecting any three consecutive functions of the set. 
4. A SYMMETRIC RELATION CONNECTING THE FUNCTIONS AND THEIR 
FIRST PARTIAL DERIVATIVES 
The first partial derivatives of Q,. (x, z) are 
aQn(x,z) xn-le-zz 
ax r(n) 
' Fred Robertson, "The General Differential Operator," Iowa State College Jour-
nal of Science, Vol. XIV, No. 3, 1940, pages 261-66. 
PROPERTIES OF A GENERALIZED OPERATOR 177 
and 
The first partial derivatives with respect to x was obtained from the 
expression for the function given by formula (1.8) . 
Multiplying the first of these partial derivatives by x, the second by 
z, and subtracting gives 
( 4. 1) d Q,, ( X l Z ) d Q,, ( X l Z ) - zn e- XZ + Q ( ) x a x - z -az- - r(n) nx n+i x,z . 
The result of an integration of Q,, (x, z) (by parts) expressed as func-
tions of the set gives 
xne-xz 
= r(nf+n z Q,,+1( x, z )- (n -l) Q,,(x,z) 
and therefore 
( 4.2) a Q,, < x, z ) Q < ) z az - n n x ,z . 
The formula ( 4.2) is analogous to Euler's formula for homogeneous 
functions. 
5. THE INTEGRAL EQUATION 
Let us write the partial differential equation (2.1) in the form 
( 5.1 ) }___[ iJ U,, (x,z)]+ ( _ ) a U,,( x,z) az z a z xz n dz nx U,, ( x , z) = 0. 
Multiply each member of the equation (5.1) by dz and integrate from 
infinity when n is a negative number, or from zero when n is a positive 
number to z. An integration by parts results in the partial integro-
differential equation 
( 5.2 ) a U,,( x z) f ' z a z' +( xz-n) U,, ( x,z) - (n+l) x U,, (x ,s ) ds=O 
provided n =I= - 1. 
The preceding process when applied to the equation (5.2) yields 
( 5.3) z U,, ( x ,z) + j ' [ (n+2)xs-(n+l) ( xz+l) J u,, (x,s )ds =0 
where for n < 0 the lower limit of the integral is oo and for n > 0 it is 0, 
when one replaces the double integral by an equivalent single integral and 
provided n =I= - 1 or - 2. This equation (5.3) is the integral equation 
with a parameter which the set of generalized operators satisfies. 
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6. THE GENERATING FUNCTION 
Let us define the function U (x, z, s) by the series 
( 6.1) 
n=l 
In equation (6.1) the parameter will be restricted to positive integral 
values. Substituting for Qn (x, z) its value from equation (1.8), inter-
changing the order of integration and adding, transforms the equation 
(6.1) into 
1- e-(z-s)x 
( 6. 2) u ( x' z' s) = . z-s 
The function U (x, z, s) defined by equation (6.2) is called the gener-
ating function of the ordinary integral operators of the calculus. Passing 
to the limit as x becomes infinite gives 
1 ( 6.3) U( z,s) =-. 
z-s 
The function defined by (6.3) is called the generating function of the 
ordinary integral operators of the calculus. It is understood they are to 
1 
be expressed in polar form, namely, - . 
zn 
One easily verifies that the function U (x,z,s) satisfies a homogeneous 
partial differential equation of parabolic type; namely, 
( ()2 ()2 ()2) 
az2+ 2 axaz + ax2 -t U(x,z,s) =0. 
7. SOME FORMS OF THE OPERATORS 
The generating function U (x,z,s) may be used to obtain an expres-
sion for the functions Q., (x, z). For instance multiplying each member of 
ds 
equation (6.1} by -- ; integrating in a counterclockwise direction along 
2:n:is" 
a closed contour surrounding the origin, and using the relation of Pring-
sheim4 
( 7.1) 
yields 
( 7.2) 
1 Jo+ 271'i tm-n-1 dt = /l~ > 
1 f o+ 1- e-<z-s)x ds Q(xz)=- -. 
n ' 27ri Z - S S" 
It is to be remembered that n is restricted to positive integral values. 
Another useful form of the function is found immediately from the 
'Pringsheim, Jahrbuch i.iber die Fortschritte der Mathematik, 48 (1921-22) p. 317. 
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generating function by evaluation of the n - 1 partial derivatives with 
respect to s at s = 0 .. The result is 
1 (Jn-1 U(x z s) I (7.3) Qn(X,z)=(n-l)i asn-~ I a-0 
( x2z2 xn-lzn-1) 1- l+xz+21+ • • • + (n-1) ! e-o:z 
- zn 
A form of the functions, which will be needed later, is obtained by the 
substitution (t - x) = ux in formula (1.4). Then 
r(n+l) J e<t-o:)z r(n+l) f e""'• Qn(x,z) = 2'1ri (t-x)n+1 d(t-x) = xn -2---:;;:r-- un+1 du. 
The two integrals being of the same form the relation 
(7.4) Qn(x,z) = xnQn(xz) 
follows. The expression for the functions in the right hand member of 
equation (7.4) involves one variable, namely xz. This form of the func-
tions evidently satisfies the differential equation 
(7.5) s d2 ~:~s) + (l+s+n) d~~s) +nUn(s) = 0 
where s is written for xz. 
The equation (7.5) is called a hypergeometric equation5 and its solu-
tion is represented by the symbol F (n, n + 1, - s). Its series representa-
tion is 
( 7.6) n ( - s ) n ( n+ 1) ( - s ) 2 F ( n, n+ 1 - 8 ) = 1 + 1 ( n+ 1) + 1·2 ( n+ 1) ( n+ 2) 
n ( n+ 1) ( n+ 2) ( - s ) 3 
+ 1'2·3(n+l) (n+2) (n+3) + • • • • 
The solutions of equation (7.5) may be represented in the following 
forms for n a positive integer. 
dn-1 [ e;•J 
a. Un ( s ) = d sn-1 • 
b. 
c. 
Collecting these forms for the operators, we have 
~(-l)rxrzr Qn ( X 1 z ) = xn Qn ( s ) = xnn! F ( n, n+ l, - s ) = xnLI ( + ) 1 
r=O n r r. 
= ___!__ = ___!__ Jsn- 1 e-• d s 
sn sn 
where s=xz. 
• H. Bateman. Differential Equations. p. 112. 
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8. LINEAR PROPERTY 
Let us now show 
Qmex,z)- Qnex,z)-Jex) = Qm+nex,z)-Jex). 
We recall that 
re n+ 1) f e<t-x)z 
Qnex,z)= 27T'i et-x)n+tdt. 
We may take the nth derivative by differentiating under the sign of 
integration; since this differentiation of the operator represents an inte-
gration and a multiplication by a constant factor as we see from (3.1). 
Thus Qm (x, z) operating upon the results of Q,. (x, z) operating upon 
f (x) gives 
ren+l)J e <t-x)z re m+n+l) Qm(x,z)-Qnex,z)-J(x) 27ri et-x)m+n+t ren+l) dt-Jex) 
e 8.1) 
= Qm+nex,z)-Jex). 
The rule of Leibnitz applies and 
ren+l)J e<t-x)z dt if;( )q,e ) = ren+l)j y;et)<1>et)dt 
27ri et-x)n+t - X x 27ri et-x)n+i 
= ren~l) j_Htj_ [<1>ex)+(t-x)<1>'ex)+· • ·] dt 27ri et-x)n+i 
= ren~l)J["'et)<1>ex) +"'et)<1>1 ex) +· .. J dt 
27ri et-x)n et-x)n 
e 8.2) r(n+l)J e<t-x)z r(n)f e<t-x)z 
=<1>ex) 27ri et-x)n+1dt+n<1>'ex) 27ri et-x)ndt+••• 
which is the expanded form of the product function by the formula of 
Leibnitz. 
The rule of Leibnitz permits the generalization of the formula of 
Vandermonde, known as the binomial for the factorials. The differentia-
tion of each member of the identity 
n times, gives 
r ea+b+l) re a+l) + n re a+l) b 
rea+b-n+l) rea-n+l) rea-n+2) 
+ nen-1) re a+l) be b-1) + ... + re a+l) b eb-1) 
e8.3) 2! rea-n+3) r(a-2n+l) 
• • • eb-n+2). 
9. THE ZEROS OF THE OPERATORS 
The location of the zeros of the set of functions Q,. (x, z) for integral 
values of the parameter is an intriguing problem. 
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Let us substitute s = tx in the functions Q., (x, z) as defined by (1.8). 
Then 
( 9.1) ! "' sn- le-•• X" f 1 Qn(x,z) = 0 r(n) ds= r(n) 0 tn- le-t2:z dt 
which will be considered as a function of the one variable xz. 
Since n is restricted to positive integral values and x =I= 0, the zeros 
of Q,. (x, z) are the same as those of the function F (µ) defined by 
( 9.2) 
where µ=xz. 
Ifµ is complex of the form - x -iy, then6 
F(µ) =Ji tn-Ietzeti11dt. 
0 
Let us break the interval into two parts by the point•, 0<•<1 such 
that 
( 9. 3) F ( µ) =Joi tn-1 etz eti11 dt = JoT tn-1 etz eti11 dt + JT1 tn- 1 etz eti11 dt. 
An integration by parts yields 
f 1 eti111T Jr eti11 d (9.4) F(µ)- tn- 1etzeti11dt=tn-1etz-.- _ -.-- (tn-letz) 
T 'tY 0 0 'tY dt 
Tn-1 e""' eTil/ J T eti11 d 
= · . _ -.- _ (tn-letz). 
iy 0 iy dt 
The result of taking absolute values is 
( 9. 5) y IF(µ) I +YI JT1tn-1 etz eti11 dt I~ JoT ;t (tn-1 etz)-1 JOT eti11 ;t (tn-1 etz) I · 
Now as • ~ 1 the right hand member approaches zero. 
Then 
(9.6) YI F(µ) l>O. 
Thus the real part and the imaginary part of F (µ) cannot both vanish at 
the same time. Then F (µ) has no zero for the left half of the plane 
Rz < 0. * Polya has given the conditions for which this result is valid. 
A more precise result concerning the zeros of this set of functions may 
be obtained as follows. We recall the exponential form of Q,. (x, z), 
namely, 
f "'sn- le- u _ n[1-(1+µ+fr+···+c:~-;)!)e-"] 
0 r ( n) d 8 - x µ" 
whereµ= xz. 
• G. Polya und G. Szego, Aufgaben und Lehrsatze Aus der Analysis II. p. 170. 
• G. Polya, Math. Zeitschr. Bd. 2, S 355-58, 1918. 
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The right hand member is zero if 
µ2 µn-1 
&"= l+µ+ 2!+ '' '+ (n-1)!' 
or 
( 9. 7) 1 µ µ2 nl+ (n+l)!+ (n+2)!+' '' = O. 
Consider the function 
( 9.8) r ( n) r ( n) µ r ( n) µ2 F(µ) = r(n+l) + r(n+2) + I'(n+3) + •.• 
obtained by multiplying each term of the expression (9.7) by I'(n), and 
replacing the factorials by equivalent Gamma functions. Then F (µ) can 
be written as 
( 9.9) F( )=~r(r+l)r(n)~ 
µ ~ r! I'(n+r+l) 
or 
.. 1 F(µ)=LJµ~f t' (l-t)n-1dt. 
r = O T • 0 
The latter form is obtained by introducing the Beta function which satis-
fies the relation 
r( r+l) r(n) 
r(n+r+l) 
Changing the order of integration and adding yields 
F(µ) = f 1 &"t(l-t)n-1 dt 
0 
or 
( 9.10) F(µ) = f 1 elii-Cn-1>11 [et( 1-t) r-1 dt. 
n 
According to the results obtained by Polya7 this function for 
n > 1 has zeros in Rz > n - 1 
When 
0 < n < 1 has zeros in Rz< n - 1 
n = 1 has zeros on line Rz = 0. 
n = 1 the function F (µ)is 
e"' = 1. 
On separating the real and imaginary parts we have 
eE cos 'l'J = 1, 
eE sin 'l'J = 0. 
7 G. Polya, Math. Zeitschr. Bd. 2, S 355-58, 1918. 
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which has solutions 
£ = o, '11 = 2ni;i. 
Thus for n = 1 we have shown the zeros of the function Q1 (µ) are 
0 + 2n:n:i and lie on the line Rz = 0 which agrees with the result obtained 
by Polya. · 
10. RELATIONS BETWEEN POLAR AND GENERATRIX OPERATORS 
Let us consider equivalent operative properties of linearly inde-
pendent solutions of the partial differential equation (2.2) for integral 
values of n. Symbolically 
1 
1 -~ f(x)=Qn(x,z)~f(x). zn 
The operator - will be called polar and Q,. (x, z) the equivalent genera-
z,, 
trix operator. 
We shall derive an expression for the generatrix operator involving 
the generatrix function u (x,z,t) . The multiplication of each member of 
tm 
equation (6.1) by - and the integration in a counterclockwise direction 
2:n:i 
along a closed contour surrounding the origin, give 
( 10.1) ~Jo+ u(x,z,t) dt= tQn(x,.z) Jo+ tm-n-1 dt. 
211''!- tm n=l 211'i 
For the values of n which we have chosen, the path of integration may be 
any circle surrounding the origin. 
The relation of Pringsheim8 
2:i Jo+ tm-n-1 dt = o~ 
applied to the right hand member of equation (10.1) yields 
Q ( ) =-1-J 0+ u(x,z,t) dt 
n x,z 27ri tn 
which by (6.2) becomes 
(10.2) _ 1 Jo+ 1-e-<•- t)x dt Q,.(x,z)- -2. t -tn' 11''1- z-
1 
The function - has a simple polar singularity at z = 0 or order n, 
zn 
but its corresponding generatrix function is entire in z. Functions of 
• Pringsheim, Jahrbuch iiber die fortschritte der Mathematik, 48 (1921-22) p. 317. 
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operators must satisfy more stringent conditions if they are generatrix 
functions than if they are equivalent polar operative functions. 
Theorem: If f (z) is a polar operative function with a simple polar 
singularity at z = a then its corresponding generatrix expression is entire 
in z. 
The conditions of the theorem require f (z) to be of t~e form cf> (z) 
z-a 
where cf> (z) is a transcendental integral function of z. A function of z 
which has no singularity in the finite plane and an essential singularity 
at infinity will be called a transcendental integral function of z. 
Let us recall (10.2), then 
1 Jo+ q, (t) f(z)= -2 . -t-u(x,z,t)dt 7rt -a 
= ___!__, J o+ jJ!l_ 1 - e- (z- t )x d t 
27rt t-a z-t 
1- e-<z- a)x 
= q,(a) . • 
z-a 
1 1 
As an illustration let f(z) = - + - + 
z z2 
1 
... --; then a = 1 and 
z-1 
cp(a) =l. 
Therefore9 
_1 +-1 +-1 + ... = _e!'_e_- x_•-_ 1 
z z2 z3 - 1-z · 
11. FORMAL EXPANSION OF AN ARBITRARY OPERATOR FUNCTION 
Before proceeding to the expansion of an arbitrary operator func-
tion in terms of a normalized, orthogonal set of functions, we shall de-
velop another general method of expansion. 
If u (t) and f (t) are two functions of t for which the necessary inte-
grals and derivatives exist, then 
j 0"'u(t)f(t)dt=u(t) jJ(t)dt 1: -J0"'jJ(t)dt ~~ dt 
= u ( x) J "'f (t) dt + [ u (x) -u ( o) J J 0 f(t) dt 
0 
- {"'{ 1f(t)dt ~~ dt+ { f(t)dtj0"' ~~ dt 
(11.1) =u(t) l,_,,/0"' f(t)dt-j0"'[{ 1 f(t)dt~~]dt. 
In the development of formula (11.1) an integral with but one limit 
means the indefinite integral is to be evaluated at that limit only. 
• H. T. Davis, Theory of Volterra Integral Equations of Second Kind. Indiana 
University Studies No's 88-89-90. p. 34. 
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Repeated application of formula (11.1) gives 
la"' u (t ) f(t)dt=u(t) I t- x J0"' f(t)dt- ~7 1 t=x{"'{11 J(t)dt dt1 
a2u I f "' f t ft + - 2 1 2 f ( t) ••• dt2 dt1 
at t=x 0 0 0 
(11.2) 
The operational analogue of formula (11.2), namely, 
(11.3) f "' u(t) e<t-x)· dt= t<-1)n anu(!) 1 Qn+l <x,z) 
0 n=O 0 t t=x 
is obtained by choosing f (t) = e <t-m>z.10 
Formula (11.3) is a special case of the expansion obtained when the 
substitution 
f x (t-x)m- l e-(t- x)z f ( t) = 0 r ( m) dt 
is made in formula (11.2). The result is 
(11 .4) 
The expansion of an arbitrary operative function in terms of the 
1 
operator - is identical with the well-known expansion for the recipro-
zn 
cals of the simplest polynomials. 
To develop an arbitrary operative function in terms of the operators 
Qn (x, z) for integral values of n, we use the formula of Schmidt* for the 
Qn ( X 1 Z ) - I:¢k ( X 1 Z ) f ' c/>k ( X 1 8 ) Qn ( X 1 8 ) d 8 
k = l 0 
(11.5) c/>n(x, z ) = v'Nc/>n(x,s) 
discovery of normalized orthogonal systems of functions by linear combi-
nations of a given infinite set defined over a given range, and rearrange 
the resulting series in terms of the given set of generatrix functions. The 
symbol N<f>n (x, s) is read the norm of </>n (x, s) and is defined by the rela-
tion 
N¢n(x,s) = J"' c1>!(x,s )ds. 
0 
'
0 The formula (11.3) is due to Prof. H. T. Davis of Northwestern University. 
• E. Schmidt, Entwicklung Willkurlichen Funktionen. Mathematische Annalen 
Vol. 63 (1907) p. 442. 
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The range of definition of x shall be the closed interval from zero to b. 
Formulas for the computation of the right hand member of equa-
tion (11.1) when the generatrix functions are used, will be developed. 
Theorem I. The rth partial derivative of Q,. (x, z) with respect to z 
expressed in terms of generatrix functions is 
( 11. 6) ar Qn ( x' z) = ( -1) r ( n+ r -1) ! Q ( ) ()zr (n-l)! n-r x,z • 
The proof follows immediately from (3.1) .11 
Theorem II. The multiplication of Qn+i (x, s) by ds and integration 
between the limits zero to infinity gives 
( 11. 7) Joo xn Qn+i(x,s )ds =-,-
o n.n 
vrovided n =F 0. 
The proof comes at once from (3.1). 
Theorem III. The multiplication of Q,. (x, s) Qk (x, s) by ds and inte-
gration between the limits zero to infinity gives 
(11.8) Joo k-1 ( -1) r-lxn+k-1 o Qn(x,s) Qk(x,s)ds=f; (k-r)(k-l)!(n-l)!(n+r-1) 
(-l)k(n+k-2)! Joo 
+ (n-l)!(k-1)! · 0 Q1(x,s) Qn+k-1(x,s)ds. 
The proof follows by integration by parts. 
Cor. I. If n = k formula (11.4) becomes 
Joo k-1 z2k-l ( -1) r-1 
0 Qk(x,s) Qk(x,s )ds = f;(k-r) [ (k-l)!]2(k+r-1) 
(-l)k- 1(2k-2)'J"' ' 
+ [(k-1)!]2 · 0 Q1(x,s) Q2k-1(x,s)ds. 
Cor. II. If n = 1 formula (11.4) becomes 
Joo k-1 ( -1) r-lxk 
0 Q1 ( x, s ) Qk ( x, s) d s = Yz ~ r ( k _ r) ( k-1) ! 
provided k is an even integer. 
Theorem IV. The multiplication of Q,.1' (x, s) Q,1+1 (x, s) by ds and an 
integration between the limits zero to infinity gives 
(11.9) Joo l [X"]k+1 
0 «;(x,s) Qn+1(x,s)ds= - n(l+k) n! · 
The proof comes through an integration by parts. 
11 F. Schuh, Christian Huygens, Vol. 1 (1921-22) p. 82-3. 
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Theorem V. The multiplication of Q12 (x, s) by ds and an inte~ration 
between the limits zero to infinity gives 
( 11.10) {' Q~(x,s )ds = x 2 log2. 
0 
a f"' f"' e-•- e-2• Proof: ax Q~(x,s )ds = 2x 0 --8-- ds 
= 2x [Jc e-•- e-2• ds + J"' e-• ds -J"" e-• ds] 
o S c S 2c S 
= 2x limit [Jc e-•-e-2• ds + e-zj2c ds] 
C-+Q 0 S c S 
= 2x log2. 
Theorem' VI. The multiplication of Q,,.2 (x, s) by ds and an integra-
tion between the limits zero to infinity gives 
Joo 2 2 [ x2n-l 5 ( -1 )n [ 1 
0 Qn(x,s )ds = (n-1)! 2n-11 (n-l)l(n-1) (n-l)l(n-1) 
(11.11) (n-i)l2! (n:~-)1!2!+ • • ·+ ~:~in;l1 log2J ~]. 
The proof is similar to that used in the preceding theorem. 
The theorems previously stated are sufficient to compute the system 
of functions cf>• (x, z) which form a normalized, orthogonal system of 
functions 
The set cp1 (x, z) has the property 
Jo"' cp,(x,s )cp;(x,s) ds = o~ 
where a is the Kronecker delta. Thus an arbitrary operative function of 
x and z may be formally expanded in a series of the form 
(11.12) f(x,z) =L: an(x)<t>n(x,z) 
n = l 
where 
an ( X) = f"' f ( X, 8) <f>n ( X, S) d S • 
0 
From this result we write 
(11.13) 
00 00 1 
f(x,z) =~an(x)~ ~(-1)11+;+1 Nn···11···1 Q,(x,z) 
where a'is every possible combination of (n -1) ... (i -1) in the order 
given,~ is the number of indices omitted, (~ = 0, 1) ... (n - i -1), and 
1 
- is the reciprocal of the square root of the norm if the index is not 
N, 
repeated, but is the product of these expressions multiplied by i 00 q,, (x, s) q,,. (x, s) ds when the index is repeated. 
188 FRED ROBERTSON 
Thus the function f (x, z) has been formally expanded in a series of 
the form 
(11.14) f(x, z ) = L:an(x) Qn(x z) 
n=l 
where the an (x) are infinite series. 
Conditions on f (x, z) for which the expansion (11.12) exists and 
represents the function are given by the Riesz-Fischer12 and related 
theorems. Conditions under which the terms of a double series may be 
rearranged in a specified order and the resulting series represent the 
function are given by the Weierstrass' theorem on double series.13 
The equation (11.13) expresses the formal expansion of the operator 
function f ( x, z) in the form 
(11 .15) f(x,z) = L an(x) Qn(x,z) 
n = l 
where the coefficients an (x) are infinite series. 
" E. Fischer, F. Riesz. Comptes Rendus, 144, (1907), 615-619, 734-736. 
13 Konrad Knopf, Theory and Application of Infinite Series. (1928) p. 430. 
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H olcus sorghum has long been an important crop in many parts of the 
world. There have been, however, comparatively few investigations deal-
ing with the morphology of sorghum. The literature on the morphology 
of other gramineous crop plants is very extensive. Sargant and Arber 
(9) studied grass embryos and seedlings from the standpoint of com-
parative morphology and anatomy. Avery (3) compared the homolo-
gies of the organs in the embryos of maize, oats and wheat. Percival 
(7) studied wheat from the developmental viewpoint, and discussed 
the entire life history of the plant. Martin and Hershey (5) studied 
the developmental cycle of corn and recognized three periods in the life 
cycle of the plant. Artschwager (1, 2) described the development and 
structure of the vegetative organs of sugarcane. 
The structure of the embryo and vascular system of the seedling of 
sorghum has been studied by Reznik (8). The number and arrange-
ment of its temporary roots has been noted by Sieglinger (10); Millar 
(6) studied the root system and leaf areas, and the superficial rooting 
habit has been pointed out by Weaver (11). Miss Chen (4) described 
the histological development of the vascular tissues of the stem of 
sorghum. The principal aim of the present study was to investigate the 
morphology, and more specifically the histological development of the 
root system of sorghum. 
MATERIALS AND METHODS 
The sorghum used in this study was the Chinese Kaoliang variety. 
The seed was obtained from the Seed Laboratory of Iowa State College 
through the courtesy of Dr. R. H. Porter. Seeds were germinated on 
moist filter paper in petri dishes for the study of the embryo and young 
primary root. Greenhouse grown plants were used for the study of the 
developing primary and young secondary roots. Older roots were ob-
tained from field-grown plants. Roots were collected at daily intervals 
for the first seven days after planting, then at weekly intervals for twelve 
weeks. 
Free-hand sections were made for diagnostic examination. The 
paraffin method was used for the study of histogenesis in the roots. The 
following killing solution was found to be satisfactory: 
1 per cent acetic acid ................ ....... .. ..... 75 c.c. 
1 per cent chromic acid .......................... 20 c.c. 
37 per cent formaldehyde ........................ 5 c.c. 
1 The writer wishes to express her sincere thanks for the advice and assistance 
given by Dr. J. E. Sass, under whose direction this work was conducted. 
[189] 
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Materials were killed and hardened in this solution for at least 48 
hours, dehydrated with an acetone-xylol series, and embedded in paraffin. 
The older and tougher materials were softened for sectioning by soaking 
mounted blocks in water at 35° C. for 12 to 24 hours. Sections were cut 
10 or 12 microns thick and stained in hemalum and safranin, or safranin 
and fast green. Hemalum was found to be especially suitable for staining 
the sieve plates. 
The drawings that illustrate the germination were made free-hand, 
and those that illustrate the vascular tissues were made either with a 
calibrated microprojector or by micrometer measurements. 
OBSERVATIONS 
A. Origin of Organs of the Seedling 
The embryo of sorghum is a highly differentiated body. The plumule 
consists of a stem axis of five nodes and five leaf primordia, and the mer-
istmatic stem tip, all enclosed by the coleoptile. The scutellum is attached 
to one side of the axis. The broad region of attachment is known as the 
scutellar node. The first internode of the epicotyl is designated the 
"mesocotyl" by some authors. The hypocotyledonary portion of the axii: 
consists of the radicle, encased in the conical coleorhiza. 
Soon after being placed in soil or on moist paper at a temperature of 
35° C., the grain absorbs water and begins to swell. In approximately 24 
hours the coleorhiza bursts through the pericarp near the base of the 
caryopsis and tears a longitudinal slit in the pericarp (fig. 1). The emerg-
ing coleoptile has the form of a wedge (fig. 2). 
After the coleorhiza has grown to a length of 2 millimeters, the pri-
mary root emerges, usually from one side of the coleorhiza (fig. 3). Un-
like maize, oats, and wheat, sorghum has no adventitious roots at this 
stage. Root hairs arise from the epidermal cells just behind the region of 
elongation (fig. 4). 
The coleoptile is pushed upward by the elongation of the first inter-
node or "mesocotyl" (fig. 5 M). The coleoptile remains closed until its 
base is slightly below the surface of the soil, the tip of the coleoptile then 
splits on the side opposite the scutellum, and a foliage leaf emerges 
approximately a week after planting (fig. 6 L). The length of the meso-
cotyl varies with the depth of planting. 
Approximately two or three days after planting, lateral roots begin 
to emerge from the primary root just above the root hair zone (figs. 5, 
6 LR). In five-day-old seedlings the adventitious roots begin to develop, 
usually from the lower part of the mesocotyl (fig. 6 MR), though in a 
few cases some have been found on the upper part of the mesocotyl. 
After the adventitious roots of the coleoptile node and of the upper nodes 
become established, the primary root and the first adventitious roots 
become brown, about ten days after planting in the field and in three weeks 
in the greenhouse (figs. 7, 8 NR). 
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B. Morphology of the Root System 
The roots of sorghum may be divided into a temporary root system 
and a permanent root system. The temporary root system includes the 
primary root developed from the radicle and the adventitious roots devel-
oped on the mesocotyl. The primary root is the only seminal root in 
sorghum. Both the primary root and the adventitious roots of the meso-
cotyl produce lateral roots. The temporary roots are comparatively small 
and nearly uniform in diameter throughout their length. They comprise 
but a small part of the total root system. 
The permanent root system includes the adventitious roots growing 
from the coleoptile node and from the several leaf nodes above the 
coleoptile node (figs. 7, 8, 9). The permanent adventitious roots have 
numerous branched lateral roots and are more fibrous than those of the 
maize plants. There are generally eight whorls of these nodal roots on a 
plant. The first whorl develops at the coleoptile node about ten days after 
planting in the field. The second, the third, and the fourth whorls arise 
successively at the succeeding upper nodes. In five-week-old field plants, 
when the inflorescence begins to differentiate, five whorls of the adven-
titious roots usually are present. When the inflorescence is nearly at the 
blooming stage six whorls usually are present. The seventh whorl de-
velops at the time of pollination and the eighth whorl develops later. 
The sixth, seventh, and eighth whorls arise above ground and may 
be designated brace roots (fig. 9). Chlorophyll often develops in the corti-
cal regions of the aerial portions of brace roots. There are no lateral roots 
on the aerial portions, though many lateral roots develop from the under-
ground portions in the same manner as on the roots of the underground 
whorls. 
The size and the number of the roots at any node are approximately 
correlated with the size of the node from which the roots grow. The roots 
of the larger upper nodes are much larger and more numerous than those 
on the lower nodes. 
C. Histogenesis in the Root 
1. Histology of the post-dormant radicle and of the primary root. 
The radicle of the sorghum embryo averages 1 millimeter in length, 
800 microns in diameter near the scutellar plate, and tapers toward the 
growing point. The cell size and cell number increase gradually from 
the growing point toward the scutellar plate. The three histogens are 
clearly evident near the tip of the radicle (fig. 10). The periblem and 
dermatogen are developed from a single layer of meristematic cells. The 
cells of this layer divide periclinally; the outer daughter cells give rise to 
the dermatogen (fig. 10 D), whereas the inner derivatives produce the 
periblem (fig. 10 PE). The dermatogen becomes the epidermis; the peri-
blem develops into the cortex. The plerome (fig. 10 Py), a central core 
of meristematic cells, develops into the tissues of the stele. The root cap 
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is produced by successive cell divisions of the root cap initial cells, imme-
diately outside the periblem-dermatogen initial layer (fig. 10 RC). 
Perceptible differentiation of elements of the vascular system can be 
recognized at approximately 60 microns behind the growing point of the 
emerging root. In a section at this level the plerome contains two large 
cells, having a diameter of about 20 microns, twice as large as the adjacent 
cells (fig. 11 LX). These cells enlarge rapidly and become vacuolate 
(figs. 12, 13 LX), and subsequently differentiate into "late-metaxylem" 
tubes. 
The general arrangement of tissue systems is recognizable approxi-
mately 70 microns from the growing point, although these tissues have 
not attained structural maturity. A transverse section at this level shows 
the following details. The epidermis consists of radially elongated cells, 
averaging 18 microns in radial dimension and 6 to 8 microns tangentially. 
The cortex consists of 6 layers of compactly arranged cells, averaging 14 
microns in diameter. The intercellular spaces between the cells are not 
pronounced. The endodermis consists of one layer of tangentially elon-
gated cells. The pericyclic cells are approximately the same size as the 
adjacent cells of the stele. The early-metaxylem and protoxylem cells, 
which attain full differentiation before the precociously enlarged late 
metaxylem, are not distinguishable at this level. Phloem elements are not 
yet differentiated. There are at least two layers of root cap cells encircling 
the radicle at this level. 
At 100 microns behind the growing point many stelar cells still exhibit 
meristematic activity. The cortex and stele are distinct. Near the periph-
ery of the stele it is possible to identify the early-metaxylem cells, oc-
curring as single cells, separated from each other and somewhat larger 
than the cells of the ground tissues (fig. 12 EX). The phloem regions 
consist of groups of two or three small cells alternating with the early-
metaxylem initials (fig. 12 PH). 
At a distance of 200 microns behind the apex these metaxylem cells 
are enlarged and form a radial pattern of nine points or arcs (rarely eight 
or ten) (fig. 20). At 276 microns behind the growing point, between each 
of the enlarged metaxylem points and the pericycle, one or two protoxylem 
cells appear, distinguishable by their more dense cytoplasm. If there are 
two such cells, they are always arranged radially (fig. 13 PX). 
A transverse section 700 microns behind the growing point has the 
following features. The epidermis consists of one layer of cells, which 
average 35 microns in radial thickness and 12 microns in tangential 
length (fig. 14 EP). Encased by the epidermis is the cortex, which gen-
erally consists of six layers of cells at this level (fig. 14 C). The cells of 
the outer four layers are rounded, about 25 microns in diameter; those 
of inner two layers are radially flattened. Small intercellular spaces 
occur. The elliptical cells of the endodermis are about 22 microns in 
tangential length and 10 microns in radial length, with the tangential walls 
slightly convex (fig. 14 EN). The pericyclic cells are small, about one-
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third as large as the endodermal cells (fig. 14 P). The two large late-
metaxylem initial cells (fig. 14 LX) in the center are about 30 microns in 
diameter. Nine early-metaxylem initial cells (fig. 14 EX), rarely eight 
or ten, about 20 microns in diameter, are arranged in a circle inside the 
pericycle. 
The differentiation of a xylem element consists of a progressive series 
of structural changes. The cell enlarges greatly in diameter, and the 
cytoplasm becomes vacuolate. When maximum enlargement has been 
attained, only a thin cytoplasmic layer lines the cell wall and a thin layer 
surrounds the nucleus, which is suspended by cytoplasmic strands (fig. 
14 LX). Progressive thickening and lignification of the cell walls takes 
place. This typical sequence of differentiation progresses centripetally 
in the stele. The walls of the protoxylem and early-metaxylem cells in 
the oldest portion of the radicle become thickened almost simultaneously, 
approximately 36 hours after the seed is planted, and become lignified 
in a little over two days (fig. 15). The walls of the late-metaxylem at 
the above level do not become lignified in greenhouse plants until about 
two weeks after the seed is planted, whereas in the field lignification was 
found to take place in about one week. The undifferentiated stelar cells 
around the xylem elements may begin to develop into pitted tracheids 
in one-week-old greenhouse plants, but more commonly the walls become 
lignified in two weeks. The tracheids are short prismatic cells with 
oblique reticulate-pitted end walls and reticulate lateral pitting (figs. 
16,17TR). 
The development of the phloem is not as easy to work out as the 
development of xylem. Phloem cells are first recognized 100 microns 
behind the growing point. Between each pair of xylem arcs there are 
three small cells with dense cytoplasm. In cross section these cells are 
arranged in a triangle, with one cell toward the outside and two inside. 
The outer cell is smaller and rectangular, the inner two are larger and 
polygonal (fig. 12PH) . By tracing from this level toward the growing 
point it is found that these three cells arise from one initial cell, which 
can be recognized 72 microns behind the growing point, but beyond this 
level the initial cell cannot be distinguished from the ground meristem. 
This phloem initial, which is slightly larger than the adjacent cells, first 
divides radially, more or less obliquely, into two cells, usually one larger 
than the other. The larger one divides again radially, somewhat obliquely. 
The triangular arrangement is the result of these divisions. At about 270 
microns behind the growing point the outer small rectangular cell of each 
group begins to lose the cytoplasm and nucleus (fig. 13 PH). Finally, at 
420 microns behind the growing point most of the small rectangular cells 
have become lysigenous cavities. During the development of the outer 
small rectangular cell each of the two inner cells divides into two daughter 
cells; one daughter cell becomes a sieve tube and the other forms a com-
panion cell. It is not improbable that one or both of these two inner 
cells divide once more to form either more sieve tubes or more companion 
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cells, although details of subsequent division have not yet been deter-
mined. The sieve plates begin to develop two days after planting (fig. 
15 SP). No phloem ·parenchyma can be identified in the primary root 
of sorghum. 
Simultaneous differentiation of stelar tissues, and somewhat lagging 
differentiation of cortical tissues takes place, until characteristic struc-
tural maturity is attained. The cylindrical primary root is enclosed by the 
epidermis, a single layer of more or less uniform, vertically elongated, 
thin-walled cells. Epidermal hairs remain attached to the root long after 
the hairs have collapsed. Within the epidermis is the cortex consisting of 
6-8 layers of wholly unspecialized parenchymatous cells with small inter-
cellular spaces. In many grasses the outer layers of cortical cells become 
thick-walled, forming a firm hypodermis, but this does not occur in the 
primary root of sorghum. The innermost one or two layers of the cortex 
consist of regular, small, more or less square cells. In old plants the 
cortical tissues become brown, collapsed, and apparently dead, but the 
stele contains many cells with apparently living protoplasm during almost 
the whole life of the plant. The endodermis consists of a single layer of 
cells in which the upper, the lower, the radial, and the inner tangential 
walls are thickened and lignified. The tangential walls are pitted and 
possess protuberances which extend into the lumen of the cells. There 
are no passage cells. The pericycle contains two layers of radially elon-
gated cells with uniformly thickened and pitted walls. The number of 
the protoxylem points is almost always nine, rarely eight or ten. Each 
protoxylem point consists of one or two vessels, which are comparatively 
small and have compact spiral secondary walls (figs. 15, 16, 17). Just 
within each protoxylem point is a single comparatively large metaxylem 
element. This element has thickened and uniformly pitted walls (figs. 
15, 16, 17). Just within each protoxylem point is a single comparatively 
large metaxylem element. This element has thickened and uniformly 
pitted walls (fig. 15, 16, 17). The two large pitted metaxylem vessels in 
the center of the stele attain full differentiation much later than the other . 
metaxylem elements (figs. 15, 16, 17 LX). Numerous reticulate tracheids 
occur between the xylem points and surrounding the phloem elements 
(figs. 16, 17 TR). 
Alternating with the protoxylem arcs are nine phloem strands. Each 
phloem strand consists of 4-6 cells in transverse section, usually two 
sieve tubes and two companion cells. The sieve tubes are polygonal in 
cross section. The perforations of the sieve plates are comparatively large 
(figs. 15, 16). The companion cells usually are square in cross section. 
There is a lysigenous cavity on the outer side of each phloem group. The 
center of the stele is occupied by the two large late-metaxylem elements. 
There seems to be no true pith present. 
The longitudinal aspect of the tissues of the radicle has received some 
attention in this study. In a longitudinal section most of the cells behind 
the growing point are rectangular in shape with the longer axis transverse. 
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The following description is based on the region 540 microns from the 
growing point. The epidermal cells are 30 microns in transverse dimen-
sion and 6 to 8 microns long. The cortex contains six layers of cells which 
are about 20 microns wide and 6 to 8 microns long. The two prominent 
zones inside the cortex are the endodermis and pericycle. The cells of 
these two tissues are much smaller and more compact than the cortical 
cells. Both the endodermal and pericyclic cells are about 10 microns 
wide and 6 to 8 microns in vertical length. The undifferentiated cells in-
side the pericycle are more or less square, about 12 microns across, and 
have dense cytoplasm. The early-metaxylem initial cells just inside the 
pericycle are about 20 microns in diameter and 12 microns long and 
have slightly thinner cytoplasm than those of the adjacent cells. The 
late-metaxylem initial cells, which form two strands in the center are 
larger, 30 microns in diameter, 20 microns long, and have thinner cyto-
plasm. The phloem region is distinct, but the identity of the elements is 
difficult to ascertain at this stage. 
The above description applies to the corresponding terminal region of 
developing roots. In the older portions of the root, the secondary walls 
of the protoxylem vessels are compactly spiral, whereas those of the 
metaxylem vessels are pitted. The pits of the early-metaxylem walls are 
round and small, those of the late-metaxylem walls are more or less ellip-
tical (fig. 17). The dissolution of the end walls of the vessels takes place 
during the lignification of the side walls. 
2. Origin and development of lateral roots and nodal roots. 
The lateral root originates in the pericycle directly outside of the 
phloem (fig. 18). Several pericyclic cells enlarge, develop dense cyto-
plasm, and then divide tangentially and radially, forming a conical grow-
ing point. The root primordium grows in diameter and elongates, the 
endodermis and cortex of the main root are ruptured, and finally the 
lateral root emerges from the older root. 
Lateral roots develop histogens and primary tissues in the same 
manner as the radicle of the embryo. The mature structure of a lateral 
root is essentially like that of the main root from which the lateral root 
arises. The lateral root usually has 5 or 6 protoxylem points and one 
large metaxylem vessel in the center. 
Adventitious nodal roots in general are similar to the lateral roots 
and primary roots with respect to histological differentiation and mature 
structure (fig. 21). The epidermis consists of vertically elongated cells. 
The thickness of the cortex increases with the size of the root. Usually 
there are nine layers of cells in the cortex of first whorl roots, and more 
layers in the upper whorls (fig. 21). During the thickening of protoxylem 
and early-metaxylem walls the walls of the outer few layers of the cortical 
cells also become thickened .and pitted, forming a distinct hypodermal 
layer, whereas the cells of the inner layers remain thin-walled. There 
are two layers of thick-walled hypodermal cells in the first whorl roots 
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and as many as five to seven layers in the roots of the fifth and upper 
whorls (figs. 19, 22, 23). The thin-walled cortical cells collapse in the 
older roots. 
The endodermal cells become thickened and lignified in the fully 
differentiated adventitious roots as in the primary root, and exhibit 
abundant protuberances, which have been described as occurring in the 
endodermal cells of primary root. The pericycle is composed of two 
layers of cells with thickened and somewhat lignified cell walls (figs. 
22, 23). 
The number of the vascular arcs in each root increases with the size 
of the root. There are usually 20-30 protoxylem points and 8-12 late-
metaxylem vessels in the first (lowest) whorl of roots. There are one or 
two protoxylem vessels and one, or rarely two, early-metaxylem vessels 
in one xylem arc. The spirally thickened walls of protoxylem and the uni-
formly pitted walls of the metaxylem are clearly shown in the longitudinal 
section. There are 4-6 cells in each of the phloem groups (fig. 23). Each 
phloem group usually contains one or two sieve tubes, two companion 
cells and a lysigenous cavity. 
The following are the essential differences between the adventitious 
root and primary root: 
1. The hypodermal cells of the adventitious root become thickened 
and lignified, whereas this differentiation does not occur in the primary 
root. 
2. The endodermal and pericyclic cells of the adventitious roots 
have much thicker walls than those of the primary root. 
3. There are more vascular arcs in the adventitious root than in the 
primary root. 
4. The cell walls of phloem are thicker in the adventitious root than 
in the primary root. 
5. The "pith" of the adventitious root consists of thin-walled paren-
chymatous cells, whereas in the primary root two large-metaxylem ves-
sels occupy considerable space. 
DISCUSSION 
A comparison of the external morphology of the root systems of 
sorghum and other common cereals reveals some similarities and con-
trasts. The primary root of sorghum emerges from one side of the coleo-
rhiza as in wheat. The elevation of the plumule by elongation of the meso-
cotyl, or first internode takes place as in maize, and differs from wheat, 
in which the elongation takes place in the second internode. The primary 
root is the only seminal root in sorghum, whereas there are two additional 
seminal roots in maize and oats, and four or five in wheat. Both sorghum 
and wheat produce some adventitious roots on the first internode. The 
permanent adventitious roots of sorghum are more fibrous and more 
profusely branched than those of maize. 
Histogenesis and tissue organization in the roots of sorghum conform 
to the radial, endarch pattern of other Gramineae. The primary root of 
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sorghum has approximately nine xylem arcs, whereas maize has eighteen 
to thirty-six, and oats and wheat have eight or nine. Maize usually has 
five to seven large metaxylem tracheae and a central zone of parenchyma-
tous pith; sorghum commonly has two large centrally located metaxylem 
tracheae. 
The development of phloem has been worked out in more detail than 
in previous studies on the grasses. A single initial seems to give rise to 
each phloem strand by a unique series of divisions, whereby one deriva-
tive gives rise to a lysigenous cavity. A comparative study should be made 
to ascertain whether the histogenesis of phloem in the Gramineae follows 
a characteristic pattern, as does the development of xylem. 
SUMMARY 
1. A study was made of germination and root development of sor-
ghum, Holcus sorghum var. Kaoliang. 
2. The coleorhiza is the first structure to emerge from the caryopsis. 
When the coleorhiza is approximately 2 mm. long, the primary root bursts 
through the enveloping coleorhiza. The coleoptile then emerges and is 
pushed to the surface of the soil by elongation of the mesocotyl. Five or 
six days after germination adventitious roots appear on the lower part, 
and rarely on the upper part of the mesocotyl. 
3. The primary or temporary root system consists of the primary root 
derived from the radicle and the adventitious roots on the mesocotyl. The 
secondary or permanent root system consists of the adventitious roots 
arising from the coleoptile node and several nodes above it. There are 
eight whorls of permanent nodal roots. The sixth, seventh and eighth 
whorls are designated brace roots. The size and the number of the adven-
titious roots of any node are correlated with the size of that node. 
4. The origin of the histogens of the growing point of the radicle has 
been ascertained. The periblem and dermatogen are derived from a 
single layer of cells encasing the plerome initial cells. The cells of this 
encasing layer divide periclinally, producing two layers. The inner de-
rivatives form the periblem, the outer layer constitutes the dermatogen. 
The plerome is derived from the plerome initial cells, which are easily dis-
tinguished from the periblem-dermatogen meristematic cells. The root 
cap initial cells at the outside of the periblem-dermatogen initial layer 
produce the root cap. 
5. In the primary root the late-metaxylem initial cells can be recog-
nized 60 microns behind the growing point, the early-metaxylem initial 
cells at 100 microns, and the protoxylem at 276 microns. The thickening 
and lignification of the walls of protoxylem and early-metaxylem take place 
simultaneously, whereas the walls of the late-metaxylem thicken and 
lignify much later. The protoxylem has compact spiral thickening; both 
the early-metaxylem and the late-metaxylem have pitted walls. Tracheids 
with reticulate thickenings are formed during the lignification of the 
late-metaxy lem. 
6. The phloem of the primary root begins to differentiate 72 microns 
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behind the growing point. Each phloem initial cell produces three cells 
arranged in a triangle. The outer cell gradually loses its protoplasm and 
becomes a lysigenous cavity, and the inner two cells divide again to form 
sieve tubes and companion cells. 
7. During the differentiation of the vascular tissues the cell walls of 
the endodermis and pericycle become thickened and lignified. 
8. There is no thick-walled hypodermis in the primary root, whereas 
such a zone is present in the permanent root. 
9. Adventitious roots are similar to the primary root . with respect 
to development and mature vascular structure, except that the adven-
titious roots have more xylem arcs. · 
10. The lateral roots arise from the pericycle of the main root and 
are structurally similar to the main root. 
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EXPLANATION OF PLATES 
PLATE I 
1. 24-hour-old seedling, showing the coleorhiza emerging through the pericarp. X 4. 
2. 24-hour-old seedling, showing the emergence of the coleoptile. X 4. 
3. 36-hour-old seedling, showing the emergence of the primary root. X 4. 
4. 2-day-old seedling, showing the root hairs arising above the region of elonBa-
tion. X 4. 
5. 3-day-old seedling, showing the elongation of the mesocotyl and the emergence 
of the lateral root. X 4. 
6. 6-day-old greenhouse-grown seedling, showing the split coleoptile, emerging 
leaves and adventitious root. X 21h. 
7. 3-week-old greenhouse-grown plant, showing the emergence of the adventitious 
roots from the coleoptile node. X 21h. 
8. 4-week-old greenhouse-grown plant, showing the temporary and permanent 
root system. X 2. 
9. 9-week-old field-grown plant, showing 7 whorls of adventitious roots. X lf.i. 
C-cortex, 
CN- coleoptile node, 
D--dermatogen, 
EN--endodermis, 
EP--epidermis, 
EX-early metaxylem, 
L-foliage leaf, 
LR-lateral root, 
LX-late-metaxylem, 
M-mesocotyl, 
MR-adventitious root on mesocotyl, 
NR-nodal roots (adventitious roots on 
nodes), 
P-pericycle, 
PE-periblem, 
PH-phloem, 
PL-plerome, 
PX-protoxylem, 
RC-root cap, 
SP-sieve plate, 
TR-tracheids. 
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PLATE II 
10. Longitudinal section of the radicle tip of sorghum embryo. X 270. 
11. Cross section of a primary root, cut 60 microns behind the growing point, showing 
the initial cells of late-metaxylem. X 270. 
12. Cro3s section of a primary root, cut 100 microns behind the growing point, show-
ing the early-metaxylem initial cells, and the phloem initial cells in successive 
stages of development. X 270. 
13. Cross section of a primary root, cut 270 microns behind the growing point, show-
ing the initial cells of the protoxylem and phloem. X 270. 
14. Cross section of a primary root, cut 700 microns behind the growing point. X 270. 
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PLATE III 
15. Cross section of a primary root of a 3-day-old plant. X 270. 
16. Cross section of a primary root of a 2-week-old plant, grown in greenhouse. 
x 270. 
17. Longitudinal section of a primary root of a 4-week-old greenhouse plant. X 370. 
18. Cross section of a primary root of a 7-day-old seedling, showing the lateral root 
arising from the pericycle, and the histogens of the lateral root tip. X 270. 
19. Cross section of the cortex and epidermis of an adventitious root of a field plant, 
showing the thick-walled hypodermis. X 270. 
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PLATE IV 
20. Tissue systems in a cross section of a primary root, cut 200 microns behind the 
growing point. X 184. 
21. Cross section of an adventitious root of the coleoptile node, cut 250 microns be-
hind the gro'o/ing point. X 120. 
22. Cross section of a brace root of a field plant. X 120. 
23. Detail"from figure 22. X 460. 
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THE DETERMINATION OF THE TOTAL FIXED NITROGEN 
CONTENT OF POWER PLANT FLUE GASES 
0. R. SWEENEY, F. E. CAMPBELL, AND BURDETTE JONES 
From the Chemical Engineering Department, Iowa State College 
Received April 11, 1941 
Although coal is known to contain approximately 1.4 per cent fixed 
nitrogen and about 604 million tons are burned every year, there is no 
evidence of any study as to what becomes of this fixed nitrogen. It is of 
course known that ammonia dissociates almost completely into hydrogen 
and nitrogen at 1,290° F., a temperature which is exceeded in power plant 
fires. This dissociation, however, occurs only if time is allowed for the 
reaction to reach equilibrium conditions which probably do not occur 
under the boilers. In the by-product coking of coal where this tem-
perature is greatly exceeded, an average of 22 pounds of ammonium 
sulfate is obtained from a ton of coal. The presence under the boiler 
of large amounts of nitrogen from the air and the rapidity of the move-
ment of the gases through the hot zones might be expected to prevent 
any considerable decomposition. 
If all the fixed nitrogen in the coal burned annually could be recov-
ered as ammonium sulfate it would amount to the staggering sum of 32 
million tons valued at $864,000,000. As sodium nitrate it would be 40.5 
million tons valued at $1,053,000,000. 
If the nitrogen passed out of the stack as ammonia or nitrogen 
peroxide it would be washed out of the air by the rain and carried down 
to fertilize the soil. That nitrogen compounds produced in the air may 
be washed down into the soil has been shown by the work of Knight1 at 
Cornell College, who found about 8 pounds of nitrogen a year per acre 
fixed by lightning discharge was washed down by rain and snow. If the 
fixed nitrogen from the coal were washed into the soil this would make 
the presence of large coal-using industries desirable in agricultural dis-
tricts. Corrosion of iron and steel in the air is blamed by some authors 
on the nitrogen oxides in the air. Nothing seems to be actually known 
in regard to the truth of this assumption, so that it is desirable to secure 
data eithe:r confirming or disproving it. 
To determine the amount of fixed nitrogen present in stack gases, 
analyses were made upon gases from one of the boilers at the Iowa State 
College power plant and from the boiler in the steam and gas laboratory 
of the Mechanical Engineering Department, Iowa State College. These 
results which were preliminary in nature and known to contain some 
inaccuracies showed very small amounts of fixed nitrogen present in the 
gases. 
1 Knight, N. Substances in rain and snow. Proc., Iowa Acad. Sci., 31:325-26. 1918. 
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To secure more accurate data, samples of gas were collected and 
analyzed from Boiler No. 8, Lafayette Street Station of the East Division 
of the Iowa Public Service Company, Waterloo, Iowa. This boiler, which 
is used to supply steam at 200 pounds gauge pressure to turbines for the 
generation of electric power, was manufactured by the Combustion Engi-
neering Company and was equipped with an underfeed stoker. It may 
be considered representative of the average power plant boiler. 
Test 
No. 
I 
II 
m 
Three sets of samples from this boiler were collected and analyzed. 
Location 
D 
A 
B 
c 
A 
B 
c 
TABLE 1 
SUMMARY OF RESULTS 
Lb. Fixed Average 
Temperature Nitrogen per 
•F. Lb. of Coal 
550 0.0000152 
660 0.00001168 
585 0.00000468 
520 0.00000404 
510 0.00000252 
450 0.00000246 
395 0.00000267 
Lb. Flue Aver'tle Gas per Steam low 
Lb. of Coal Lb. per Hour 
13.52 67,700 
13.05 63,000 
14.8 37,250 
The first sample was secured from the last baffle plate, shortly ahead of 
the end of the boiler (D in Table 1) with the load on the boiler ranging 
from maximum to minimum. The second set of samples was secured at 
points A (second pass), B (end of boiler), and C (at stack), with the 
boiler operating at about two-thirds full load. 
SAMPLING 
The flue gas samples in tests II and III were removed from the boiler 
through standard sampling tubes, drawn through two Meyer glass sulfur 
bulbs, each having ten bulbs 1.25 inch in diameter containing conductivity 
water, in series with a 12-gallon aspirator bottle. The gas was sucked 
through the absorption bulb, by means of water flowing from the aspi-
rator bottle, at approximately 250 cubic centimeters a minute. In run I, 
potash bulbs were used instead of sulfur bulbs. The volume of gas drawn 
out was determined by weighing the aspirator bottles at the end of the 
sampling period, filling with water, and weighing again. From the differ-
ence in weight (with necessary temperature correction) the volume was 
calculated. 
At the end of the test, the water in the absorption bulbs was drained 
and the bulbs washed completely with conductivity water into glass stop-
pered bottles which were sealed with paraffin to prevent any loss of 
sample during transportation to the laboratory. 
Several flue gas analyses were made during each run by the Orsat 
method and the average composition of the gases during the course of 
NITROGEN CONTENT OF FLUE GASES 
Constituents 
TABLE 2 
COMPOSITION OF FLUE GAS 
I 
Carbon dioxide, (C02) ....................... 14.0% 
Oxygen, (02) ... ............................. 4.6% 
Nitrogen, (N) ................. ............... 81.4% 
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TEsT No. 
n Ill 
14.0% 12.6% 
1.6% 3.2% 
83.9% 84.2% 
the run determined. The hourly average of the steam was also taken. 
From the latter, the total water evaporated per day and the total coal 
burned per hour were calculated. 
ANALYTICAL PROCEDURE 
The samples together with washings of the bottles were transferred 
into clean 500 cc. distilling flasks and diluted to 200 cc. with conductivity 
water. Two strips of aluminum foil, 0.5 cm. by 10 cm., and 2 cc. of 20 
per cent sodium hydroxide were added to each flask to produce hydrogen 
to reduce the nitrogen oxides to ammonia. The distilling flask was then 
connected to a glass condenser and distillation carried out at 6 to 10 cc. 
per minute. The condensate was collected in three 50 cc. Nessler tubes, 
treated with 1 cc. of standardized Nessler reagent, and compared with the 
standards to give total nitrogen content as ammonia. 
All water used for final washing of apparatus and for dilution of the 
sample was ammonia, nitrate, and nitrite free water. 
TABLE 3 
COMPOSITION OF COAL 
Carbon, (C) ................................... . .. . 
Oxygen, (0.) ...................................... . 
Hydrogen, (H2) ................................... . 
Sulfur, (S) ........................................ . 
Nitrogen, (N) .....................................• 
Ash .............................................. .. 
Total 
RESULTS 
Percentage 
72.7 
7.6 
5.2 
3.6 
1.4 
9.5 
100.0% 
The data (Table 1) indicate that the fixed nitrogen content of the 
flue gases varied. This variation may have been caused by one or more 
of the following conditions which were not constant: the temperatures of 
the flue gases where sampled, the load on the boiler, the time required 
for the gases to pass through the system, and the main constituents of the 
flue gas, that is, carbon dioxide, oxygen, and nitrogen. 
In test No. II the amount of fixed nitrogen decreased as the gas 
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passed through to the stack. This did not occur in test No. III. When test 
No. III was made the boiler was operating under a much lower load with 
consequent lower gas temperatures. The fact that nitrogen is fixed more 
readily at higher temperatures may account for the higher value secured 
in test No. II. In no ~ase was the amount of fixed nitrogen in the gas more 
than 0.1085 per cent (the value for Test No. I) of the total available in 
the coal. 
It should be worthwhile to study the possibility of increasing the 
amount of nitrogen fixed under boilers. The use of catalysts or changes 
in gas velocities at certain points might exert profound influence on the 
yield and be of tremendous economic importance to the nation. 
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This report on the mosquitoes of Iowa includes: (1) records of dis-
tribution and seasonal occurrence, (2) notes on larval habitats, and (3) 
larval associations. The data are based upon 605 collections distributed 
as follows: 1936, larval rearings 91, adult catches 2; 1939, larval rearings 
77, adult catches 2; 1940, larval rearings 356, adult catches 77. The total 
monthly collections were: March 4, April 84, May 95, June 187, July 
131, August 18, and September 86. Distributional records include both 
the county and nearest locality from which collections were taken. 
Monthly records are given for both larval and adult collections. Paren-
thesized numbers under "Larval records" indicate the percentage of the 
total monthly collections in which the species was taken. Where "Adult 
records" are given, these numbers mean the number of collections taken 
during the month. Only the major mosquito larval associations are given; 
numbers in parentheses refer to the number of times the association 
occurred. 
Fifteen species of mosquitoes have been reported in scientific litera-
ture from Iowa. Dyar (3) published single locality records for Aedes 
triseriatus (Say), Psorophora ciliata (Fabr.), Culex tarsalis Coq., Culex 
territans Walk. (= C. restuans Theob.), Culex testaceus Van der Wulp 
(= C. apicalis Adams), Culex salinarius Coq., and Mansonia perturbans 
(Walk.). He also listed Psorophora sayi D. and K. (= P. ferox (Humb.)) 
from Algonquin (no date), H . J. Quayle; since there is no locality by this 
name in Iowa, this record may be from Illinois. In addition to the first 
three above mentioned species Hendrickson (5) reported Theobaldia 
inornata (Will.), Culex pipiens Linnaeus, Aedes fitchi (F. and Y.), Aedes 
flavescens (Muller), Aedes nigromaculis (Ludlow), Aedes sylvestris 
(Theob.) (=A. vexans (Meigen)) Aedes ? intrudens Dyar. The last-
named species was not taken during this investigation. Distributional 
notes on Anopheles quadrimaculatus Say, Anopheles punctipennis (Say) 
and Anopheles walkeri Theob. were reported by Bierring (1) based 
upon data taken during this survey. 
Several Iowa species are known to be vectors of disease-producing 
organisms; Anopheles quadrimaculatus Say is an important vector of 
malaria, Culex pipiens Linnaeus transmits heartworm of dogs and bird 
malarias, Aedes dorsalis (Meig.) and Aedes nigromaculis (Ludlow) are 
'Journal Paper No. J-806 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project 372. 
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known to transmit equine encephalomyelitis experimentally, and Aedes 
stimulans (Walk.) is suspected in the spread of fowl-pox. 
The writer is grateful to Dr. Walter L. Bierring and Dr. Carl Jordan 
of the Iowa State Department of Public Health for their active interest in 
mosquito survey work and for considerable financial support of these 
investigations. The work was done under the direction of Dr. C. J. Drake. 
Dr. R. M. Bailey, D.R. Lindsay, T. Y. Hsiao, Gaines Eddy and Lawrence 
Smith of Iowa State College have contributed specimens of several species. 
In the use of names, the writer has followed Edwards ( 4). The 
publications of Bradley (2), and King and Bradley (6) were used for 
certain larval identifications. 
Genus Anopheles Meigen 
1. Anopheles maculipennis Meigen 
LOCALITIES: Allamakee Co.-Wexford; Butler Co.-New Hartford; 
Hamilton Co.-Jewell; Louisa Co.-Fruitland; Osceola Co.-Allendorf; 
Sac Co.-Lake View; Scott Co.-Le Claire. 
LARVAL RECORDS: 7 collections; June (1.9)' Aug. (12.5)' Sept. (4.1). 
LARVAL HABITATS: The collections were taken from ponded areas 
bordering streams in wooded and open country. The ponds were either 
permanent or intermittent and contained some marginal and aquatic 
floating plants. 
ASSOCIATED LARVAE: A. punctipennis (7)' A. quadrimaculatus (4)' 
C. tarsalis (3), C. apicalis (2), C. salinarius (2), U. sapphirina (2). 
2. Anopheles punctipennis (Say) 
LOCALITIES: Allamakee Co.-Harper's Ferry, Lansing, New Albin, 
Waukon Junction, Wexford; Audubon Co.-Audubon, Brayton, Hamlin; 
Benton Co.-Urbana; Blackhawk Co.-Waterloo; Boone Co.-Boone, 
Fraser; Bremer Co.-Frederika, Waverly; Buchanan Co.-Independence; 
Buena Vista Co.-Alta; Butler Co.-Clarksville, New Hartford, Shell-
rock; Calhoun Co.-Pomeroy; Carroll Co.-Coon Rapids, Swan Lake 
State Park; Cass Co.-Atlantic, Lewis, Tranistan; Cedar Co.-Rochester; 
Cerro Gordo Co.-Mason City, Ventura; Cherokee Co.-Cherokee; 
Chickasaw Co.-Jericho, New Hampton; Clarke Co.-Osceola; Clay Co. 
-Dickens; Clayton Co.-Guttenburg, Marquette, St. Olaf; Clinton Co.-
Folletts; Crawford Co.-Astor, Manilla; Davis Co.-Drakesville, Floris; 
Delaware Co.-Delhi, Manchester; Des Moines Co.-Burlington; Dickin-
son Co.-Milford; Dubuque Co.-Dubuque; Fayette Co.-Arlington, El-
gin, Wadena; Floyd Co.-Charles City; Franklin Co.-Hampton; Fremont 
Co.-Sidney; Greene Co.-Grand Junction, Jefferson, Scranton; Guthrie 
Co.-Panora; Hamilton Co.-Jewell, Stanhope; Hancock Co.-Britt, 
Crystal Lake, Eagle Lake; Harrison Co.-Missouri Valley; Henry Co.-
Mt. Pleasant; Howard Co.-Maple Leaf; Iowa Co.-Homestead, Ladora; 
Jackson Co.-Bellevue, Sabula; Johnson Co.-Lone Tree, Tiffin; Keokuk 
Co.-Hedrick, Sigourney; Lee Co.-Croton, Donnellson, Fort Madison, 
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Keokuk, Montrose, Sandusky, Wever; Louisa Co.-Fruitland, Grandview, 
Oakville, Wapello; Lucas Co.-Lucas; Mahaska Co.-Eddyville, Oska-
loosa; Marshall Co.-Marshalltown; Monona Co.-Onawa; Monroe Co. 
-Albia, Hiteman; Muscatine Co.-Fairport, Nichols, Muscatine, Wilton 
Junction; Osceola Co.-Allendorf; Page Co.-Shenandoah; Palo Alto Co. 
-Ruthven; Polk Co.-Des Moines; Pottawattamie Co.-Council Bluffs, 
Oakland; Poweshiek Co.-Brooklyn; Sac Co.-Lake View; Scott Co.-
Davenport, Le Claire, Montpelier; Sioux Co.-Alton; Story Co.-Ames; 
Tama Co.-Tama; Van Buren Co.-Cantril, Farmington; Wapello Co.-
Ottumwa; Warren Co.-Indianola, Lake Ahquabi, Medford; Washington 
Co.-Ainsworth, Washington; Winnebago Co.-Forest City; Winneshiek 
Co.-Fort Atkinson; Woodbury Co.-Salix, Sioux City; Wright Co.-
Dows, Galt. 
LARVAL RECORDS: 178 collections; May (19.0), June (32.0) , July 
(35.0), Aug. (50.0), Sept. (90.0). 
LARVAL HABITATS: Ahnost all types of watered areas including tem-
porary rain pools, pasture potholes (animal tracks), artificial receptacles, 
and shallow sheet flood water formed suitable breeding places. Some 
of the largest larval counts were from the grass-covered borders of small 
pasture streams, and from rocky or sandy pools in the beds of ·larger 
creeks. In these latter instances only A . punctipennis was usually found. 
ASSOCIATED LARVAE: c. tarsalis (62)' c. apicalis (53)' A. quadri-
maculatus ( 44), C. salinarius ( 40), C. restuans (31), A . vexans (29), tJ. 
sapphirina (24) , C. pipiens (18), C. erraticus (18), T. inornata (17). 
ADULT RECORDS: April (1), June (1), Aug. (2), Sept. (1). Unpub-
lished records taken by Lawrence Sillith from Clinton, Scott, Muscatine, 
and Louisa Counties include the following adult collections: July (5), 
Aug. (6), Sept. (6). 
3. Anopheles quadrimaculatus Say 
LocALITms: Audubon Co.-Hamlin; Blackhawk Co.-Waterloo; 
Boone Co.-Fraser; Butler Co.-Clarksville, New Hartford; Clarke Co.-
Osceola; Clayton Co.-Guttenburg; Clinton Co.-Folletts; Davis Co.-
Drakesville; Delaware Co.-Delhi, Manchester; Des Moines Co.-Bur-
lington; Dubuque Co.-Dubuque; Guthrie Co.-Panora; Hamilton Co.-
Jewell; Harrison Co.-Missouri Valley; Jackson Co.-Bellevue; Johnson 
Co.-Tiffin; Lee Co.-Fort Madison, Keokuk, Montrose; Louisa Co.-
Fruitland, Grand View, Oakville, Wapello; Lucas Co.-Lucas; Mahaska 
Co.-Eddyville, Oskaloosa; Monroe Co.-Albia; Monona Co.-Onawa; 
Muscatine Co.-Muscatine, Nichols, Wilton Junction; Page Co.-Shenan-
doah; Pottawattamie Co.-Council Bluffs; Scott Co.-Davenport, Le 
Claire; Washington Co.-Crawfordsville; Woodbury Co.-Salix; Wright 
Co.-Cornelia, Galt. 
LARVAL RECORDS: 61 collections; May (4.5), June (1.3), July (14.5) , 
Aug. (50.0), Sept. (46.6). 
LARVAL HABITATS: This important species was found chiefly in perma-
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nent ponds which contained aquatic floating plants or debris. In a few 
instances in September, it was taken from weedy, evanescent rain ponds. 
AssocIATED LARVAE: A. punctipennis (44), C. tarsalii (28), C. api-
calis (24), U. sapphirina (19), C. erraticus (18), C. salinarius (13). 
ADULT RECORDS: 2 collections, both in Aug. Records furnished by 
Lawrence Smith; July (6), Aug. (8), Sept. (7). 
4. Anopheles walkeri Theobald 
LOCALITIES: Allamakee Co.-Lansing; Cerro Gordo Co.-Ventura; 
Dickinson Co.-Lake Park; Dubuque Co.-Dubuque; Hamilton Co.-
Little Wall Lake; Louisa Co.-Fruitland; Monona Co.-Onawa; Musca-
tine Co.-Nichols; Poweshiek Co.-Brooklyn. 
LARVAL RECORDS: 8 collections; May (1.1)' June (1.3)' July (0.8)' 
Sept. (5.5). 
LARVAL HABITATS: All larval collections were taken from permanent 
or intermittent marshes which supported dense growths of aquatic mar-
ginal plants such as Typha and Sparganium. The larvae in all instances 
showed the characters of the southern race of this species as figured by 
Bradley (1936). 
AssoCIATED LARVAE: A. punctipennis (6), A. quadrimaculatus (5), 
C. apicalis (3), U. sapphirina (3). 
ADULT RECORDS: May (1)' July (1)' Aug. (1). 
Genus Uranotaenia Lynch-Arribalzaga 
5. Uranotaenia sapphirina (Osten-Sacken) 
LOCALITIES: Blackhawk Co.-Waterloo; Butler Co.-New Hartford; 
Cerro Gordo Co.-Ventura; Clay Co.-Dickens; Clinton Co.-Folletts; 
Davis Co.-Drakesville, Floris; Delaware Co.-Delhi, Manchester; Des 
Moines Co.-Augusta, Burlington; Dubuque Co.-Dubuque; Fayette Co. 
-Arlington; Hancock Co.-Britt; Henry Co.-Mt. Pleasant; Jackson Co. 
-Sabula; Lee Co.-Keokuk; Louisa Co.-Fruitland; Muscatine Co.-
Muscatine, Wilton Junction; Polk Co.-Des Moines; Pottawattamie Co.-
Council Bluffs; Scott Co.-Davenport, Le Claire. 
LARVAL RECORDS: 32 collections; May (1.1)' June (3.2)' July (6.8)' 
Aug. (37.5), Sept. (20.5). 
LARVAL HABITATS: The larval habitats of this species resembled 
closely those of A. quadrimaculatus. Permanent ponds or permanent and 
intermittent marshes, containing considerable floating plants, produced 
the majority of the collections. 
AssocIATED LARVAE: A. punctipennis (24), A . quadrimaculatus (19), 
C. apicalis (17), C. tarsalis (17), C. salinarius (9), C. erraticus (8). 
Genus Theobaldia. Neveu-Lemaire 
6. Theobaldia inornata (Williston) 
LOCALITIES: Adair Co.-Greenfield; Adams Co.-Corning; Audubon 
Co.-Brayton, Exira, Hamlin; Benton Co.-Urbana; Blackhawk Co.-
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Waterloo; Boone Co.-Boone, Fraser, Ledges State Park, Madrid; Bremer 
Co.-Frederika; Buena Vista Co.-Marathon, Storm Lake; Butler Co.-
Clarksville; Carroll Co.-Dedham; Cass Co.-Atlantic, Griswold; Cerro 
Gordo Co.-Ventura; Clarke Co.-Osceola; Cherokee Co.-Larrabee; 
Clay Co.-Spencer; Clinton Co.-Buena Vista, De Witt, Folletts; Craw-
ford Co.-Astor; Dallas Co.-Granger, Moran, Woodward; Decatur Co.-
Leon; Des Moines Co.-Augusta; Dickinson Co.-Lake Park, Milford, 
Spirit Lake; Dubuque Co.-Dubuque; Emmet Co.-Wallingford; Fremont 
Co.-Farragut, Payne, Riverton; Greene Co.-Grand Junction, Jeffer-
son; Guthrie Co.-Menlo, Panora; Hamilton Co.-Stratford; Hancock 
Co.-Britt, Crystal Lake; Harrison Co.-Missouri Valley; Humboldt Co. 
-Humboldt; Iowla Co.-Amana, Homestead; Jackson Co.-Preston; 
Jefferson Co.-Fairfield; Jones Co.-Anamosa, Oxford Mills, Wyoming; 
Kossuth Co.-St. Joseph; Lee Co.-Donnellson, Keokuk; Louisa Co.-
Morning Sun, Wapello; Lyon Co.-Rock Rapids; Madison Co.-Winter-
set; Marion Co.-Red Rock; Marshall Co.-Marshalltown; Mills Co.-
Pacific Junction; Monona Co.-Onawa; Muscatine Co.-Conesville, Mus-
catine; Osceola Co.-Ocheyedan; Page Co.-Coin, Shenandoah; Palo Alto 
Co.-Emmetsburg, Ruthven; Plymouth Co.-Alton; Pocahontas Co.-
Fonda; Polk Co.-Des Moines, Farrar; Pottawattamie Co.-(Carr's Lake) 
Council Bluffs, Oakland; Sac Co.-Lake View; Scott Co.-Dixon; Sioux 
Co.-Chatsworth; Story Co.-Ames, Collins, Colo; Tama Co.-Traer, 
Vining; Union Co.-Lorimer; Van Buren Co.-Keosauqua; Wapello Co. 
-Ottumwa; Warren Co.-Churchville, Norwalk; Webster Co.-Ft. 
Dodge; Winnebago Co.-Lake Mills, Rice Lake; Woodbury Co.-Sloan, 
Sioux City; Wright Co.-Cornelia. 
LARVAL RECORDS: 121 collections; April (62.1)' May (45.5)' June 
(13.6), July (8.5), Sept. (11.0). 
LARVAL HABITATS: Collections were taken from a large variety of 
habitats. During April and May larvae were found in spring pools, ponds, 
and stream bed pools resulting from melting snow or rain. In the sum-
mer and fall they were found in permanent ponds and in evanescent rain 
pools, which were often foul from stagnation or dumpage. 
ASSOCIATED LARVAE: A. vexans (38)' c. tarsalis (35)' c. salinarius 
(20), A. punctipennis (17), C. apicalis (14), C. restuans (13). Pure cul-
tures of inornata larvae were taken in 35 instances mostly during April. 
ADULT RECORDS: April (1)' May (4)' June (1). 
7. Theobaldia morsitans (Theobald) 
LOCALITIES: Osceola Co.-Ocheyedan; Clay Co.-Dickens. 
LARVAL RECORDS: Only 2 larval collections were taken; both in June 
(1.3). 
LARVAL HABITATS: 1 collection was taken from the permanent marshy 
border of Round Lake (Clay Co.); one from an intermittent marsh near 
Rush Lake (Osceola Co.). 
ASSOCIATED LARVAE: T. inornata (2)' c. tarsalis (2)' c. salinarius 
(2), C. restuans (1), A. vexans (1). 
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Genus Mansonia Blanchard 
8. Mansonia perturbans (Walker) 
Taken at only one locality: Muscatine, Muscatine Co., June 16 and 19 
in a light-trap. Dyar (1922: 31) reported this species from Ames. 
Genus Psorophora R.-D. 
9. Psorophora ciliata (Fabricius) 
LOCALITIES: Benton Co.-Belle Plaine; Calhoun Co.-Pomeroy; 
Cass Co.-Atlantic; Delaware Co.-Manchester; Des Moines Co.-Bur-
lington; Dubuque Co.-Dubuque; Greene Co.-Scranton; Guthrie Co.-
Bagley, Guthrie Center, Panora; Hardin Co.-Hubbard; Iowa Co.-
Homestead; Jackson Co.-Sabula; Johnson Co.-Lone Tree; Monona Co. 
-Onawa; Page Co.-Clarinda, Hepburn, Shenandoah; Plymouth Co.-
Merrill, Remsen; Pocahontas Co.-Fonda; Sac Co.-Early, Lake View; 
Story Co.-Ames; Woodbury Co.-Sergeant Bluff, Sioux City. 
LARVAL RECORDS: 21 collections; May (2.2), June (0.3), July (10.2), 
Sept. (1.3). 
LARVAL HABITATS: About 80 per cent of the larval collections were 
taken from temporary rain pools, stream bed pools, pasture potholes 
(animal tracks), and flooded areas. About 20 per cent were from mar-
gins of marshes and ponds. 
AssocIATED LARVAE: A. vexans (15), A. punctipennis (6), C. tarsalis 
(6), A. trivittatus (6), C. restuans (4). 
ADULT RECORDS: June (4)' July (1)' Aug. (4)' Sept. (1); in a few 
instances, females in considerable numbers were biting fiercely. 
10. Psorophora horrid.a (D. and K.) 
LocALITIEs: Clinton Co.-Folletts; Dubuque Co.-Dubuque; Page 
Co.-Shenandoah; Story Co.-Ames; Washington Co.-Washington; 
Woodbury Co.-Sioux City. 
LARVAL RECORDS: 2 collections; taken only in July (0.8) and Sept. 
(1.3). 
LARVAL HABITATS: Both larval collections were from temporary rain 
pools in wooded areas. 
AssocIATED LARVAE: A. vexans (2), A. trivittatus (1), A. puncti-
pennis (1), C. salinarius (1). 
ADULT RECORDS: June (2)' July (1)' Aug. (3)' Sept. (1); females 
were usually encountered in or near woods; they bite viciously. 
11. Psorophora ferox (Humboldt) 
LOCALITIES: Dubuque Co.-Dubuque; Page Co.-Shenandoah; Story 
Co.-Ames; Wapello Co.-Ottumwa. 
LARVAL RECORDS: A single larval collection was taken in June (1.1). 
LARVAL HABITAT. Taken from a temporary pothole in a creek bed in 
thick woods. 
AssocIATED LARVAE: A. punctipennis, A. trivittatus, A. canadensis, 
A. vexans, C. restuans. 
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ADULT RECORDS: June (1), July (2); females were quite abundant 
and annoying in wooded areas south of Dubuque. 
12. Psorophora columbiae (D. and K.) 
One larval collection was taken: Ogden, Boone Co., July 8; from 
a temporary rain pool in an open meadow. 
AssocIATED LARVAE: A. vexans, C. tarsalis, C. restuans. 
13. Psorophora signipennis (Coquillett) 
LOCALITIES: Cass Co.-Atlantic; Guthrie Co.-Bagley; Harrison Co. 
-Missouri Valley; Monona Co.-Onawa, Whiting; Page Co.-Shenan-
doah; Plymouth Co.-Akron, Merrill, Westfield; Pottawattamie Co.-
Oakland; Sioux Co.-Chatsworth; Woodbury Co.-Sergeant Bluff, Sioux 
City. 
LARVAL RECORDS: 7 collections; June (0.6)' July (5.1). 
LARVAL HABITATS: 6 collections were taken from temporary rain 
pools and flooded areas; one was from an intermittent marsh. 
ASSOCIATED LARVAE: A. vexans (5)' A. trivittatus (3)' P. ciliata (2)' 
C. tarsalis (2). 
ADULT RECORDS: June (6), July (1), Aug. (2); females are vicious 
biters, and were encountered in considerable numbers on a few occasions. 
Genus Aedes Meigen 
14. Aedes nigromaculis (Ludlow) 
LocALITIES: Appanoose Co.-Centerville; Audubon Co.-Hamlin; 
Cass Co.-Atlantic; Harrison Co.-Missouri Valley (Hendrickson 1930: 
127) ; Monona Co.-Onawa, Whiting; Osceola Co.-Sibley; Page Co.-
Shenandoah; Plymouth Co.-Akron, Remsen, Westfield; Sioux Co.-
Alton; Story Co.-Ames; Woodbury Co.-Salix, Sergeant Bluff, Sioux 
City. 
LARVAL RECORDS: 9 collections: May (2.2)' June (1.9)' July (2.5)' 
Sept. (1.4). 
LARVAL HABITATS: 6 collections were from temporary rain pools, 
pasture potholes (animal tracks), and flooded areas; 3 were from inter-
mittent stream bed pools and marshes. 
ASSOCIATED LARVAE: A. vexans (7)' A. trivittatus (3)' c. tarsalis 
(3), T. inornata (2). 
ADULT RECORDS: June ( 4)' July (1). 
15. Aedes fitchi (F. and Y.) 
LOCALITIES: Blackhawk Co.-Waterloo; Clay Co.-Spencer; Jackson 
Co.-Bellevue, Hurstville; O'Brien Co.-Primghar; Winnebago Co.-
Buffalo Center (Hendrickson 1930: 127). 
LARVAL RECORDS: 5 collections: April (4.8)' June (0.6). 
LARVAL HABITATS: 4 collections were from temporary spring pools; 
one was from an intermittent marshy area. 
ASSOCIATED LARVAE: T. inornata (2)' A. vexans (1)' A. stimulans (1). 
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16. Aedes flavescens (Miiller) 
This species was taken, as adults, from one locality: Lake Mills, 
Winnebago Co., May 31. Hendrickson (1930: 127) reported an adult from 
the same county 7 mi. NW Thompson. 
17. Aedes riparius D. and K. 
LOCALITIES: Clinton Co.-Elwood; Grundy Co.-Grundy Center; 
Hamilton Co.-Jewell. 
LARVAL RECORDS: 3 collections: April (2.4)' June (0.6). 
LARVAL HABITATS: One collection was from a temporary spring pool, 
one from temporary pasture potholes and one from spring run-off water 
in an intermittent marsh. 
AssocIATED LARVAE: A. vexans (2), A. impiger (1). 
18. Aedes stimulans (Walker) 
LocALITIES: Boone Co.-Fraser; Cedar Co.-Rochester; Clayton Co. 
-Marquette; Clinton Co.-Folletts; Fremont Co.-Percival; Jackson Co. 
-Bellevue; Jones Co.-Oxford Mills; Linn Co.-Waubeek; Scott Co.-
McCausland. 
LARVAL RECORDS: 6 collections; March (100), April ( 4.8), May (1.1). 
LARVAL HABITATS: 5 collections were from temporary waters of spril).g 
pools and pond overflows; one was from an intermittent stream bed pool. 
ASSOCIATED LARVAE: A. impiger (2)' A. fitchi (1)' A. canadensis (1)' 
A. sticticus (1). 
ADULT RECORDS: June (3)' Aug. (1). 
19. Aedes campestris D. and K. 
LOCALITIES: Plymouth Co.-Akron; Osceola Co.-Sibley; Monona 
Co.-Whiting. 
LARVAL RECORDS: 1 larval collection was taken from temporary flood 
water in June. A. vexans was present in the same water. 
ADULT RECORDS: 2 collections in June. 
20. Aedes canadensis (Theobald) 
LOCALITIES: Boone Co.-Fraser; Des Moines Co.-Augusta; Dubuque 
Co.-Dubuque; Hamilton Co.-Stratford; Henry Co.-Lockridge; Jones 
Co.-Wyoming; Monroe Co.-Albia; Wapello Co.-Ottumwa. 
LARVAL RECORDS: 9 collections; March (100)' April (3.6)' May (5.6). 
LARVAL HABITATS: 8 collections were taken from temporary or inter-
mittent waters of spring pools and stream bed pools; one was from arti-
ficial receptacles floating in a city dumping pond. 
AssocIATED LARVAE: T. inornata (8), A. punctipennis (3), C. restuans 
(3), C. salinarius (3), A. vexans (2). 
21. Aedes dorsalis (Meigen) 
LOCALITIES: Buena Vista Co.-Marathon, Storm Lake; Clarke Co.-
Osceola; Dickinson Co.-Lake Park; Dubuque Co.-Dubuque; Monona 
Co.-Onawa, Whiting; Palo Alto Co.-Ruthven. 
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LARVAL RECORDS: 7 collections; April (1.2)' May (1.1)' June (1.9)' 
July (1.7). 
LARVAL HABITATS: 5 collections were taken from temporary waters 
of stream bed pools, pasture potholes, and flooded areas; 2 were from 
fluctuating marginal areas of marshes. 
AssocIATED LARVAE: A. vexans (7), T. inornata (3), A. punctiperinis 
(2), C. tarsalis (2), C. restuans (2). 
ADULT RECORDS: June (4). 
22. Aedes trivittatus (Coquillett) 
LOCALITIES: Audubon Co.-Audubon, Brayton, Hamlin; Buena Vista 
Co.-Storm Lake; Cass Co.-Atlantic; Clayton Co.-Marquette; Clinton 
Co.-Folletts; Crawford Co.-Charter Oak; Delaware Co.-Manchester; 
Dubuque Co.-Dubuque; Franklin Co.-Hampton; Greene Co.-Grand 
Junction; Hamilton Co.-Ellsworth; Harrison Co.-Mondamon; Jackson 
Co.-Baldwin; Jones Co.-Oxford Mills; Mahaska Co.-New Sharon; 
Monona Co.-Onawa; Page Co.-Shenandoah; Plymouth Co.-Merrill, 
Westfield; Pottawattamie Co.-Oakland; Sac Co.-Early, Lake View; 
Scott Co.-Davenport, McCausland; Sioux Co.-Alton, Oak Grove State 
Park; Story Co.-Ames; Woodbury Co.-Sioux City. 
LARVAL RECORDS: 17 collections; May (2.2)' June (3.2)' July (5.9)' 
Sept. ( 4.1) . 
LARVAL HABITATS: 13 collections were from temporary flooded areas, 
rain pools and stream bed pools; 2 from intermittent marshes, and 2 
from the margins of permanent ponds. 
AssocIATED LARVAE: A. vexans (12), A. punctipennis (6), P. ciliata 
(6), C. tarsalis (6), T. inornata (3), P. signipennis (3), A. nigromaculis 
(3), C. restuans (3). 
ADULT RECORDS: June (9)' July (5)' Aug. (6)' Sept. (7). This species 
is an important pest during the summer and fall. 
23. Aedes aurifer (Coquillett) 
One adult collection was taken in a wooded area near Marquette, 
Clayton Co., June 26. 
24. Aedes impiger (Walker) 
LOCALITIES: Boone Co.-Fraser; Buena Vista Co.-Marathon; Linn 
Co.-Waubeek; Pocahontas Co.-Fonda. 
LARVAL RECORDS: 4 collections; March (100)' April (3.6). 
LARVAL HABITATS: 3 collections were from temporary spring pools; 
one was from the margins of an intermittent marsh. 
AssocIATED LARVAE: A. vexans (3), A. stimulans (2), A. canadensis 
(1), T. inornata (1). 
25. Aedes spenceri (Theobald) 
This species was taken from a single locality: Panora, Guthrie Co., 
April 15. Larvae were found in a temporary spring pool in open country. 
T. inornata was taken in the same pool. 
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26. Aedes sticticus (Meigen) 
This species is also known as A. hirsuteron (Theob.) 
LocALITIES: Allamakee Co.-Waukon Junction; Clayton Co.-Mar-
quette; Clinton Co.-Camanche, Folletts; Dubuque Co.-Dubuque; Ham-
ilton Co.-Stratford; Jackson Co.-Bellevue; Jones Co.-Oxford Mills; 
Muscatine Co.-Muscatine. 
LARVAL RECORDS: One larval collection; taken from a temporary 
spring pool in thick woods, April 27. T. inornata, A. stimulans and A. 
canadensis were taken in the same pool. 
ADULT RECORDS: May (1)' June (6)' July (1). 
27. Aedes triseriatus (Say) 
LOCALITIES: Clayton Co.-Bellevue; Clinton Co.-Folletts; Floyd 
Co.-Charles City; Franklin Co.-Hampton; Hancock Co.-Crystal Lake; 
Iowa Co.-Amana (Hendrickson 1930: 127); Page Co.-Shenandoah; 
Story Co.-Ames; Woodbury Co.-Sioux City. 
ADULT COLLECTIONS: The records above are biting-adult collections; 
taken May (1), July (1), Aug. (1), Sept. (5). This species is known to 
breed in tree holes and artificial containers. 
28. Aedes vexans (Meigen) 
LOCALITIES: Adams Co.-Corning; Allamakee Co.-Lansing, New 
Albin, Waukon Junction; Appanoose Co.-Centerville; Audubon Co.-
Brayton, Hamlin; Benton Co.-Belle Plaine; Blackhawk Co.-Waterloo; 
Boone Co.-Boone, Ogden; Buchanan Co.-Winthrop; Buena Vista Co.-
Alta, Marathon, Storm Lake; Butler Co.-Allison, Clarksville, Shell 
Rock; Carroll Co.-Carroll, Swan Lake State Park; Cass Co.-Atlantic; 
Cedar Co.-Durant; Cherokee Co.-Cherokee, Larrabee; Clarke Co.-
Osceola; Clay Co.-Dickens, Spencer, Trumble Lake; Clayton Co.-Mar-
quette, St. Olaf; Clinton Co.-Calamus, Clinton, De Witt, Elwood, Folletts, 
Goose Lake, Hauntown; Dallas Co.-Granger, Moran, Woodward; Dela-
ware Co.-Manchester, Masonville; Dickinson Co.-Superior; Dubuque 
Co.-Dubuque, Worthington; Floyd Co.-Charles City; Franklin Co.-
Hampton; Fremont Co.-Payne; Greene Co.-Grand Junction, Scranton; 
Guthrie Co.-Guthrie Center, Jamaica, Panora; Hamilton Co.-Ellsworth, 
Jewell, Stanhope, Stratford; Hancock Co.-Britt, Crystal Lake; Hardin 
Co.-Ackley; Harrison Co.-Missouri Valley, Mondamon; Humboldt Co. 
-Humboldt; Iowa Co.-Homestead; Jackson Co.-Bellevue, Monmouth, 
Preston, Sabula; Jefferson Co.-Fairfield; Johnson Co.-Lone Tree; Jones 
Co.-Anamosa, Oxford Mills; Kossuth Co.-St. Joseph; Lee Co.-Keo-
kuk; Linn Co.-Cedar Rapids, Central City; Louisa Co.-Columbus Junc-
tion, Wapello; Madison Co.-Winterset; Mahaska Co.-New Sharon; 
Marion Co.-Red Rock; Marshall Co.-Marshalltown; Monona Co.-
Onawa, Whiting; Monroe Co.-Lovilia; Muscatine Co.-Muscatine; 
O'Brien Co.-Primghar; Osceola Co.-Sibley; Page Co.-Clarinda, Shen-
andoah; Palo Alto Co.-Ayrshire, Emmetsburg, Mallard, Ruthven, Silver 
Lake; Plymouth Co.-Akron, Le Mars, Merrill, Remsen, Westfield; Poca-
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hontas Co.-Fonda, Pocahontas; Polk Co.-Farrar; Pottawattamie Co.-
Council Bluffs, Oakland; Sac Co.-Early, Lake View; Scott Co.-Daven-
port, Dixon, McCausland, Princeton; Sioux Co.-Alton, Chatsworth; 
Story Co.-Ames, Colo; Tama Co.-Vining; Union Co.-Creston, Lori-
mor; Wapello Co.-Ottumwa; Warren Co.-Churchville; Washington Co. 
-Washington; Wayne Co.-Corydon; Webster Co.-Ft. Dodge; Winne-
shiek Co.-Decorah, Ft. Atkinson; Woodbury Co.-Brown's Lake, Salix, 
Sioux City, Sloan. 
LARVAL RECORDS: 154 collections; April (47.5)' May (26.1)' June 
(30.0), July (31.4), Aug. (12.5), Sept. (9.6). 
LARVAL HABITATS: Larvae were taken generally in temporary waters 
resulting from rains or floods. 1n many instances during June, August, 
and September, large broods of larvae were produced. Considerable 
breeding was also found around the margins of permanent ponds, lakes, 
and marshes due to the fluctuation of the water levels caused by rains. 
AssocIATED LARVAE: T. inornata (38), C. tarsalis (31), A. puncti-
pennis (29), C. restuans (20), C. salinarius (16), P. ciliata (15), A. trivit-
tatus (12). Apparently pure populations of vexans were taken in 51 
instances. 
ADULT RECORDS: May (2), June (20), July (10), Aug. (8), Sept. (4). 
This species is without doubt the major pest mosquito of the state. 
29. Aedes cinereus Meigen 
LocALITIES: Buchanan Co.-Winthrop; Clarke Co.-Osceola; Jack-
son Co.-Preston; Jefferson Co.-Fairfield; Louisa Co.-Columbus Junc-
tion; Palo Alto Co.-Emmetsburg. 
LARVAL RECORDS: 6 collections; April (6.1)' July (0.8). 
LARVAL HABITATS: 4 collections were from temporary spring pools; 
one from the margin of a permanent pond; and one from a permanent 
marsh. 
AssocIATED LARVAE: A. vexans (5), T. inornata (2), A. dorsalis (1), 
C. tarsalis (1). 
Genus Culex Linnaeus 
30. Culex apicalis Adams 
LocALITIES: Allamakee Co.-New Albin, Wexford; Benton Co.-
Urbana; Blackhawk Co.-Waterloo; Boone Co.-Boone, Fraser; Bremer 
Co.-Frederika, Shell Rock, Waverly; Buchanan Co.-Independence; 
Buena Vista Co.-Storm Lake; Butler Co.-Allison; Cass Co.-Tranistan; 
Cerro Gordo Co.-Ventura; Clarke Co.-Osceola; Clayton Co.-Gutten-
burg, Marquette; Clinton Co.-Folletts; Davis Co.-Drakesville; Dela-
ware Co.-Delhi; Des Moines Co.-Burlington; Dickinson Co.-Milford; 
Dubuque Co.-Dubuque, Worthington; Emmet Co.-Wallingford; Fay-
ette Co.-Arlington; Floyd Co.-Charles City; Franklin Co.-Hampton; 
Fremont Co.-Sidney; Greene Co.-Grand Junction; Hamilton Co.-
Jewell; Harrison Co.-Missouri Valley; Henry Co.-Mt. Pleasant; Jack-
son Co.-Sabula; Jones Co.-Oxford Mills; Lee Co.-Croton, Donnellson, 
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Fort Madison, Keokuk, Montrose, Sandusky, Wever; Louisa Co.-Fruit-
land, Grand View, Oakville; Monona Co.-Onawa; Monroe Co.-Albia; 
Muscatine Co.-Muscatine, Nichols; Page Co.-Coin; Pottawattamie Co. 
-Council Bluffs; Sac Co.-Lake View; Scott Co.-Davenport, McCaus-
land; Story Co.-Ames; Van Buren Co.-Farmington; Wapello Co.-
Ottumwa; Washington Co.-Crawfordsville; Woodbury Co.-Brown's 
Lake, Sioux City; Wright Co.-Cornelia, Galt. 
LARVAL RECORDS: 84 collections; April (1.2)' May (12.4)' June (22.1) ' 
July (9.3), Sept. (37.0). 
LARVAL HABITATS: Permanent ponds and marshes and intermittent 
marshes produced most of the larval collections. In the fall it was found 
on a few occasions in evanescent rain pools. 
ASSOCIATED LARVAE: A. punctipennis (53)' c. tarsalis (35) ' A. quadri-
maculatus (24), C. salinarius (22), U. sapphirina (17). 
31. Cule:i tarsalis Coquillett 
LOCALITIES: Allamakee Co.-Lansing; Audubon Co.-Audubon, 
Brayton, Hamlin; Benton Co.-Urbana; Blackhawk Co.-Waterloo; Boone 
Co.-Boone, Fraser, Ogden; Bremer Co.-Frederika, Waverly; Buena 
Vista Co.-Marathon; Butler Co.-Clarksville, New Hartford, Shell Rock; 
Carroll Co.-Carroll, Dedham, Manning, Swan Lake State Park; Cass 
Co.-Atlantic, Griswold, Lewis, Lorah, Tranistan; Cerro Gordo Co.-
Ventura; Cherokee Co.-Cherokee; Chickasaw Co.-Jericho, New Hamp-
ton; Clarke Co.-Osceola; Clay Co.-Dickens; Clayton Co.-Guttenburg, 
Marquette, Sabula; Clinton Co.-Folletts; Crawford Co.-Astor, Manilla; 
Davis Co.-Floris; Decatur Co.-Leon; Delaware Co.-Augusta, Burling-
ton; Dickinson Co.-Lake Park; Dubuque Co.-Dubuque; Floyd Co.-
Charles City; Fremont Co.-Sidney; Greene Co.-Grand Junction, Jef-
ferson, Scranton; Guthrie Co.-Panora; Hamilton Co.-Ellsworth; Han-
cock Co.-Britt, Crystal Lake; Harrison Co.-Little Sioux, Missouri Val-
ley; Henry Co.-Mt. Pleasant; Iowa Co.-Homestead; Keokuk Co.-
Richland, Sigourney; Lee Co.-Donnellson, Fort Madison, Keokuk, Mont-
rose; Linn Co.-Central City; Louisa Co.-Fruitland, Oakville, Wapello; 
Lyon Co.-Lester, Rock Rapids; Madison Co.-Winterset; Mahaska Co. 
-Eddyville, Oskaloosa; Marion Co.-Tracy; Monona Co.-Onawa, Whit-
ing; Muscatine Co.-Muscatine, Nichols, Wilton Junction; Osceola Co.-
Ocheyedan; Page Co.-Shenandoah; Palo Alto Co.-Ruthven; Plymouth 
Co.-Merrill, Remsen, Westfield; Pocahontas Co.-Pocahontas; Polk Co. 
-Farrar, Des Moines; Pottawattamie Co.-Council Bluffs, Oakland, Tay-
lor; Sac Co.-Lake View, Early; Scott Co.-Davenport, Le Claire; Sioux 
Co.-Alton, Chatsworth; Story Co.-Ames; Taylor Co.-New Market; 
Wapello Co.-Ottumwa; Washington Co.-Washington; Winnebago Co.-
Lake Mills, Leland; Woodbury Co.-Sergeant Bluff, Sioux City, Sloan; 
Wright Co.-Cornelia, Dows, Galt. 
LARVAL RECORDS: 148 collections; April (1.2), May (18.0), June 
(38.4), July (26.3), Aug. (37.5), Sept. (52.0). 
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LARVAL HABITATS: Collections were taken from waters of permanent, 
intermittent, or temporary natures; in ponds, stream bed pools, rain pools, 
pasture potholes, marshes, and flooded areas. They were also taken, in 
fewer numbers, from slow-flowing streams, artificial receptacles, and 
sewers. 
ASSOCIATED LARVAE: A. punctipennis (62)' c. salinarius (38)' c. 
apicalis (35), T. inornata (35), A. vexans (31), A. quadrimaculatus (28), 
U. sapphirina (17). 
ADULT RECORDS: May (1)' June (4)' July (2)' Aug. (1)' Sept. (5). 
In the field, biting females were usually encountered after dark and in a 
few instances were quite annoying. 
32. Culex restuans Theobald 
This species is also known in the literature as C. territans Walk. 
LOCALITIES: Allamakee Co.-Harper's Ferry; Audubon Co.-Audu-
bon; Blackhawk Co.-Waterloo; Boone Co.-Boone, Fraser, Ogden; Buena 
Vista Co.-Marathon; Carroll Co.-Coon Rapids; Cass Co.-Atlantic; 
Cerro Gordo Co.-Mason City, Ventura; Chickasaw Co.-New Hampton; 
Clarke Co.-Osceola; Clinton Co.-Folletts; Crawford Co.-Manilla; 
Dallas Co.-Perry; Davis Co.-Drakesville, Lake Wapello State Park; 
Des Moines Co.-Burlington; Dubuque Co.-Dubuque; Franklin Co.-
Hampton; Greene Co.-Grand Junction, Jefferson, Scranton; Hamilton 
Co.-Jewell; Hancock Co.-Britt; Henry Co.-Mt. Pleasant; Iowa Co.-
·Homestead; Jones Co.-Anamosa; Keokuk Co.-Hedrick, Sigourney; 
Louisa Co.-Grand View; Lucas Co.-Lucas; Lyon Co.-Granite, Lester; 
Mahaska Co.-Eddyville; Marion Co.-Knoxville, Red Rock, Tracy; 
Monona Co.-Onawa; Monroe Co.-Albia; Muscatine Co.-Muscatine, 
Nichols, Wilton Junction; Palo Alto Co.-Ruthven; Plymouth Co.-Rem-
sen, Westfield; Polk Co.-Des Moines; Sac Co.-Lake View; Scott Co.-
Davenport, Montpelier; Story Co.-Ames; Tama Co.-Tama; Van Buren 
Co.-Farmington; Wapello Co.-Ottumwa; Warren Co.-Norwalk; Wash-
ington Co.-Washington; Winnebago Co.-Forrest City; Woodbury Co.-
Sergeant Bluff, Sioux City. 
LARVAL RECORDS: 69 collections; May (13.5)' June (15.6)' July (17.0)' 
Aug. (62.5), Sept. (10.9). 
LARVAL HABITATS: Pond margins, stream bed pools, summer rain 
pools, and marshes most frequently yielded larval collections. The waters 
of these habitats were generally permanent or of an evanescent nature. 
In a few instances larvae were collected from temporary bodies of water, 
artificial receptacles, and sewers. 
AssocIATED LARVAE: A. punctipennis (31), C. salinarius (28), C. tar-
salis (27), A. vexans (20), C. pipiens (14), T. inornata (13), C. apicalis 
(13). 
33. Culex salinarius Coquillett 
LOCALITIES: Allamakee Co.-Lansing; Blackhawk Co.-Waterloo; 
Bremer Co.-Waverly; Buena Vista Co.-Marathon; Butler Co.-Shell 
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Rock; Carroll Co.-Coon Rapids; Cerro Gordo Co.-Mason City; Clarke 
Co.-Osceola; Clay Co.-Dickens; Clinton Co.-Clinton, De Witt, Fol-
letts; Crawford Co.-Astor; Davis Co.-Drakesville, Floris; Delaware 
Co.-Delhi; Des Moines Co.-Burlington; Dickinson Co.-Lake Park; 
Dubuque Co.-Dubuque; Greene Co.-Jefferson, Scranton; Hancock Co. 
-Britt, Crystal Lake; Henry Co.-Mt. Pleasant; Jackson Co.-Sabula; 
Jones Co.-Anamosa, Wyoming; Keokuk Co.-Sigourney; Lee Co.-
Keokuk, Montrose; Louisa Co.-Grand Junction, Fruitland; Mahaska Co. 
-Eddyville; Marion Co.-Red Rock; Monona Co.-Onawa; Muscatme 
Co.-Muscatine, Nichols, Wilton Junction; Osceola Co.-Ocheyedan; Palo 
Alto Co.-Ruthven; Polk Co.-Des Moines; Pottawattamie Co.-Council 
Bluffs; Sac Co.-Lake View; Scott Co.-Davenport; Story Co.-Ames; 
Wapello Co.-Ottumwa; Warren Co.-Norwalk; Woodbury Co.-Brown's 
Lake, Sergeant Bluff, Sioux City; Wright Co.-Cornelia. 
LARVAL RECORDS: 67 collections; May (11.3)' June (17.5)' July (7.6)' 
Aug. (12.2), Sept. (27.4). 
LARVAL HABITATS: Waters of permanent or evanescent natures in 
ponds, marshes, summer rain ponds, and stream bed pools produced most 
of the larval collections. These habitats were more permanent in nature 
than those in which C. tarsalis and C. restuans were usually taken. 
ASSOCIATED LARVAE: A. punctipennis (40)' c. tarsalis (38)' c. 
restuans (28), T. inornata (20), C. pipiens (16), A. vexans (16). 
AnuLT RECORDS: June (6)' July (3)' Aug. (1)' Sept. (2). 
34. Culex pipiens Linnaeus 
LOCALITIES: Blackhawk Co.-Waterloo; Boone Co.-Boone, Fraser; 
Butler Co.-Clarksville; Cass Co.-Atlantic; Clay Co.-Dickens; Clinton 
Co.-Clinton; Crawford Co.-Astor; Delaware Co.-Delhi; Des Moines 
Co.-Burlington; Dubuque Co.-Dubuque; Greene Co.-Grand Junction; 
Jackson Co.-Bellevue; Johnson Co.-Lone Tree; Keokuk Co.-Hedrick; 
Lee Co.-Keokuk, Montrose; Lyon Co.-Lester; Marion Co.-Knoxville; 
Monona Co.-Onawa; Muscatine Co.-Muscatine, Wilton Junction; Polk 
Co.-Des Moines; Sac Co.-Early; Scott Co.-Davenport, LeClaire; 
Story Co.-Ames; Woodbury Co.-Sioux City. 
LARVAL RECORDS: 30 collections; May (2.2)' June (5.2)' July (5.9)' 
Aug. (12.2) , Sept. (16.4). 
LARVAL HABITATS: Collections were taken most frequently from 
ponds and rain pools situated in city dumps. Artificial receptacles and 
open sewers produced several collections. 
ASSOCIATED LARVAE: A. punctipennis (18)' c. salinarius (16)' c. 
tarsalis (15), C. restuans (14). 
35. Culex erraticus D. and K. 
LOCALITIES: Blackhawk Co.-Waterloo; Boone Co.-Fraser; Clarke 
Co.-Osceola; Clinton Co.-Folletts; Crawford Co.-Astor; Davis Co.-
Drakesville; Delaware Co.-Delhi; Des Moines Co.-Burlington; Dubuque 
Co.-Dubuque; Jackson Co.-Green Island, Sabula; Lee Co.-Keokuk, 
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Sandusky; Louisa Co.-Fruitland, Oakville, Wapello; Lucas Co.-Lucas; 
Muscatine Co.-Muscatine; Scott Co.-LeClaire; Warren Co.-Lake 
Ahquabi; Woodbury Co.-Sergeant Bluff. 
LARVAL RECORDS: 27 collections; June (0.6)' July (6.8)' Aug. (37.5)' 
Sept. (20.6). 
LARVAL HABITATS: The habitats of C. erraticus resembled closely 
those of A. quadrimaculatus. The collections were from permanent ponds 
supporting growths of aquatic floating plants. These ponds were usually 
in shaded areas. 
AssocIATED MOSQUITO LARVAE: A. quadrimaculatus (18) , A. pun.cti-
pennis (18) , C. apicalis (12), C. tarsalis (10). 
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Charcoal, which is obtained from the destructive distillation of agri-
cultural wastes in yields of 20 to 30 per cent or more of various original 
dry raw materials (7), constitutes under existing markets more than 60 
per cent of the potentially salable products of this process, exclusive of 
gas. The hardwood distillation plants in this country, until recently, 
depended for their profits largely upon the sale of such condensable vola-
tile products as were rather easily refined and, except where it was used 
by an affiliated industry, marketed their charcoal largely as a low-cost 
fuel or for similar uses. In recent years, the market for the volatile 
products has been largely lost to similar or equal products of synthetic 
or fermentation origin which, in many cases, are produced in a purer form 
and at a lower cost than those from the destructive distillation process. 
As a result of the existing economic situation, and such loss of markets, 
the number of wood distillation plants operating in the United States has 
decreased in recent years to about one-half the number operating in 
1925 (9, 17). Since the yields of all products from the destructive distil-
lation of agricultural wastes are at best only equal to, and usually some-
what lower than, the yields of similar products obtained from hardwood 
(7, 10), it is apparent that successful utilization of a part of the large 
amounts of annually accumulated farm wastes by this process necessitates 
the discovery of new and more lucrative markets for the recoverable 
products. Obviously, since the volatile products are of lessening value, 
the finding of satisfactory markets for the charcoal would be an important 
factor in establishing destructive distillation as a successful agricultural 
waste industry. 
The charcoal obtained from ligno-cellulosic raw material by the de-
structive distillation process exhibits great variation in chemical compo-
sition and properties, depending upon the method and the conditions of 
production as well as upon the raw material from which it is produced. 
Proximate analyses of various charcoals, as shown in Table 1, illustrate 
this variation. Analyses of charcoals produced from the same raw mate-
rials but with increasing distillation temperatures show decreasing 
amounts of volatile matter while the net fixed carbon remains practically 
constant (10). Charcoals produced at low temperatures are more apt to 
be contaminated by tarry matter than those produced at higher tempera-
tures. The physical properties are also quite different. Aside from differ-
1 Established by the Bureau of Agricultural Chemistry and Engineering, U. S. 
Department of Agriculture, in co-operation with Iowa State College. 
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TABLE 1 
PROXIMATE ANALYSIS AND HEATING VALUE OF RAW RETORT CHARCOALS FROM HIGH AND 
Low-TEMPERATURE DISTILLATIONS OF AGRICULTURAL WASTES 
Source 
Straw 
Corncobs ..... 
Oathulls 
Cornstalks 
Peanut hulls .. 
Rice hulls 
Black walnut 
shells 
Cottonseed 
hulls 
Pecan shells 
Tobacco stems . 
•Above 550°C . 
t Below 550°C. 
VOLATILE MATTER 
PERCENTAGE 
High Low 
Temp.• Temp.t 
1 2 
9.0 30.0 
8.0 17.0 
8.0 15.0 
12.0 25.0 
10.0 14.0 
4.0 8.0 
5.0 20.0 
10.0 40.0 
5.0 20.0 
20.0 44.0 
FIXED CARBON ASH HEAT VALUE 
PERCENTAGE PERCENTAGE B.T.U./lb. 
High Low High Low Average 
Temp. Temp. Temp. Temp. Charcoal 
61.0 49.0 30.0 21.0 
86.0 79.0 6.0 4.0 13,500 
68.0 67.0 24.0 18.0 10,560 
64.0 58.0 26.0 17.0 .......... 
82.0 80.0 8.0 6.0 13.000 
41.0 44.0 55.0 48.0 .......... 
92.0 78.0 3.0 1.5 .......... 
81.0 53.0 9.0 7.0 13,100 
89.5 77.5 5.5 2.5 12,425 
52.7 39.3 27.3 16.7 .. ........ 
ences in size, shape, and density of the particles, factors largely dependent 
upon the original condition of the material distilled, the charcoal may 
vary from a dark brown, tough material produced at low temperature to a 
gray-black, brittle material from a high-temperature distillation. A suit-
able charcoal must therefore be chosen for any proposed use. The 
present ordinary use for charcoal is limited. 
These charcoals have heating values approximating bituminous coal 
(13,000-14,000 BTU/lb.) as can be seen in Table 1, but the sale or use 
of charcoal for fuel appears to be ordinarily uneconomical, unless in a 
higher-priced briquetted form for special uses, due to the relatively low 
cost or greater adaptability of coal, in most areas. 
Some use has been made of the charcoal from oathulls and straw as a 
pigment in paints, and in the past, at least one commercial firm marketed 
such paints which were claimed to be particularly effective as metal 
protectives (7) , although such claims have not yet been wholly proven. 
Other possible uses for farm waste charcoals include the manufacture of 
charcoal iron, casehardened steel, calcium carbide, gun powder, and 
activated carbon (16). Of these possible uses, activated carbon offers 
perhaps the most favorable potential outlet, due to the quantities which 
might be utilized. At present, over 1,000 waterworks plants in the United 
States are using activated carbon for the removal of taste and odor in 
their waters (1), while large quantities of activated carbon of other 
types are also used in solvent recovery, gas recovery, air purification, 
etc. It is probable that a properly developed market would offer oppor-
tunity for consumption of large quantities of destructive distillation char-
coal in the form of activated carbon, provided such carbon can be produced 
economically. 
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The need for activated carbon for use in gas masks during the war 
of 1917-18 necessitated a study of methods of producing it. Methods were 
developed by the War Department (6) which produced acceptable acti-
vated carbons from dense raw materials such as coconut shells, anthracite 
coal, lignite, and suitable briquetted carbon dusts in general. Raw mate-
rials now used for commercial activated carbons include principally 
lignite, paper mill waste liquors, and wood charcoal. Many processes have 
been patented for the preparation of activated carbons (5, 2, 11, 13, 18). 
These processes have been classified by Mantell (8) and by Ray (12). 
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Fig. 1. Rate of removal of iodine by activated pecan shell carbon. 
Preliminary laboratory tests of various raw retort charcoals produced 
from farm waste materials for effectiveness in the decolorization of sugar, 
iodine, and methylene blue solutions showed in occasional instances some 
decolorizing power against the iodine and the methylene blue, but none 
against the sugar solutions. Cold water extractions showed the presence 
of extractable tar bodies in practically every sample of charcoal, in quan-
tities which varied somewhat inversely with the temperatures of distilla-
tion at which the carbons were produced. A preliminary test showed that 
such charcoals, if heated during passage of a current of steam, could be 
relatively freed from this tarry matter and would show, therafter, con-
siderable decolorizing power. Steam activating experiments were there-
fore run to determine the extent of treatment necessary for certain 
representative types of material. 
230 T. R. M'ELHINNEY, B. M. BECKER, AND P. BURKE JACOBS 
EXPERIMENTAL 
The steam activation method of Chaney ( 4, 5) was selected as the 
one most easily adaptable to laboratory experimentation. Since the 
activation process has already been studied so intensively and since the 
conditions of treatment will depend upon the material selected for activa-
tion, this experimentation was not undertaken particularly with the idea 
of determining exact conditions for activating each specific material, but 
only to determine the general applicability of the process to carbons pro-
duced from agricultural wastes. 
BATCH ACTIVATION. The apparatus used in the laboratory batch ex-
periments in this work is shown in Figure 2. It consisted of an electrically-
heated steam generator, a superheater (a coil of 3/16-inch copper tubing 
heated by a Bunsen burner), and a 15-inch section of %-inch internal 
COPPER COIL 
SVPE:RHOAT£R 
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Fig. 2. Laboratory activating equipment. 
diameter fused-silica combustion tube mounted in a heavy-duty electric 
combustion furnace. A plug of nichrome wire was inserted in the end of 
the reaction tube to prevent carbon from being blown out with the steam. 
The connection between the reaction and steam tubes was made with an 
asbestos stopper sealed in place with a paste made of sodium silicate and 
borax. In some of the preliminary work, instead of a superheater, pieces 
of broken silica tubing were used at the entrance of the reaction tube, 
but the inconsistency of the results indicated that this was not a depend-
able means of superheating the steam. 
In making a run, the furnace was first brought to the desired tem-
perature, as indicated by a pyrometer, whereupon the reaction tube, 
containing a weighed charge of carbon, was inserted and connected to the 
steam generator. The carbon was moistened, after weighing, to prevent 
burning during the short interval necessary to make and seal the steam 
connection. At completion of the arbitrarily predetermined activation 
treatment, the contents of the reaction tube were quickly emptied into 
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distilled water, to stop air oxidation, the water drained away, the carbon 
dried to constant weight at 110° C., and its relative activity determined. 
The exact temperature of the steam as used was not determined, but the 
superheating coil was kept as near as possible at a dull red heat at all 
times. The steam was supplied at as even a rate as is possible with a 
definite setting of an electric heating unit, without checking the voltage 
from day to day. Experiments were made to determine approximately the 
time, temperature, and amount of steam required to accomplish some de-
gree of activation in various charcoals. 
CONTINUOUS ACTIVATION. Following the establishment of approximate 
activating conditions and degree of activation in the preliminary work, 
a continuous activating furnace was built. This apparatus, Figure III, 
consisted of a section of 2-inch steel pipe, slightly over 4 feet in length, 
which contained an internal screw conveyor. A motor drive was con-
structed to turn the screw at such a rate that the carbon required 30 
Fig. 3. Continuous activating furnace. 
minutes for passage through the equipment, a hand crank having been 
used in early trials made to determine the optimum time. This unit was 
mounted in a suitable brick-lined furnace. Heat was supplied by two 
gas burners of appropriate size constructed from pipe fittings, and 
mounted obliquely to secure uniform heating of the reaction tube. The 
firebox was filled with broken pieces of refractory material to a level 
above the burners to induce surface combustion. Compressed air was 
supplied to the furnace. A hopper for continuously charging the material 
was attached at one end of the activator. The hot discharged material 
was allowed to fall into a metal container which was carefully shielded so 
that the gaseous reaction products effectively smothered the burning 
carbon, thus preventing oxidation. Temperatures were determined by 
means of thermocouples mounted in the furnace so as to rest on top of 
the 2-inch pipe. On the average this apparatus produced one pound of 
activated carbon per hour from dense charcoals, although this amount 
varied inversely with the weight loss during activation. Steam was con-
trolled only insofar that the rate of flow was held just below the point 
where carbon was blown out of the reaction tube. 
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METHODS OF TESTING 
DECOLORIZING PowER. A search of the literature showed that there 
was no dependable general test for evaluation of activated carbons at the 
time of conducting these experiments and that, generally, carbons could 
be compared in their effectiveness only under actual conditions of use. 
Therefore, for these studies, the following arbitrary procedure was 
adopted as a simple and easy comparative test for determining the relative 
decolorizing power: 
One gram of oven-dry activated carbon, ground to pass a 200-mesh screen, was 
placed in a flask containing enough 0.10 N iodine solution (made up with potas-
sium iodide) to give approximately a 10 per cent excess above the probable 
total adsorption, and kept in the dark 21h hours with occasional shaking, at the 
end of which time the carbon was filtered out and washed once with 20 to 25 cc. 
of water, and the filtrate titrated with standard sodium thiosulfate solution. 
Results are expressed in cc.'s of iodine adsorbed and not removed by washing 
per gram of carbon. 
In working out this method of testing, it was found that the amount 
of iodine adsorbed varied with the size and physical condition of the 
carbon particles, with the length and temperature of the exposure, and, 
TABLE 2 
PRELIMINARY ACTIVATION OF VARIOUS CHARCOALS IN BATCH EQUIPMENT WITHOUT 
SUPERHEATER 
Source of Time of Run Tem-11erature Steam 
N/1012 
Run Wt. Loss Adsorbed 
No. Charcoal Minutes c. Rate Percentage cc. 
0 .. .. Oathulls Not activated ....... . .. . .. ... . ... . ... 16.50 
1 " 5 680 16.23 ... . . ..... .. .. ... .. . 
2 " 10 635 17.10 .. .. . .. .. ... .. ... .. . 
3 " 60 620 18.41 .... .... .. . . ........ 
4 " 30 650 18.74 .. .. . ... .. .. 
··· ·· · ·· 5 " 30 760 21.58 . .. . . ... ... . ..... ... 
6 " 30 870 37.06 .... . .... ... . ....... 
7 " 45 816 29.52 .... .. . ..... . ... .... 
8 " 45 827 31.58 .... . .. .. ... ...... .. 
9 " 45 843 34.82 .... .. . .. .. . . ..... .. 
10 " 45 857 41.65 .... 
··· ···· · ······ ·· 11 " 45 871 42.44 . ... .. . .. ... ... ... .. 
12 " 10 871 26.30 .. .. 
·· ··· · ·· 
. . . ... . . 
13 .... Corncobs, 
low temp. 30 871 .. ..... . . ....... 41.20 
14 ... . Straw, 
low temp. 30 871 ........ .... .... 31.50 
15 .... Rice hulls 30 871 . ....... . . ..... . 20.45 
16 ... . P ecan shells 20 627 ... ..... ........ 26.00 
17 " " 20 900 48.39 ... . . ....... . .. ... .. 
18 " " 30 950 49.20 .... ..... . . . . ....... 
19 " " Not activated blank 24.00 ... . .... . ... . ....... 
20* . . . Pecan shells 45 950 .... ... . ... ... .. 48.15 
21 " " 30 950 Low 73.5 49.45 .... 
22 " " 30 950 Moderate 47.0 49.20 .. .. 
23 " " 30 950 Very high 35.7 37.10 .... 
• Raw pecan shells, carbonized during activation. 
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to some extent, with the pH of the mixture. Adsorption is ordinarily very 
rapid in the first few minutes, proceeds at a decreasing rate for several 
hours and finally virtually ceases as equilibrium is established. Figure I 
shows a typical adsorption curve for an activated pecan shell carbon. 
ODOR TESTS. A few tests were made of the effectiveness of these car-
bons in the removal of odor in well water, using the "Threshold" method 
of odor determination as developed by Spaulding (14, 15) and Baylis (3). 
RESULTS 
Results on preliminary work on a laboratory scale are shown in 
Table 2. Runs 1 to 3, inclusive, shown therein, were made at temperatures 
between 600° and 700° C. and showed little or no improvement over un-
treated charcoal. Runs 4 to 6 show the effect of increasing temperatures. 
Runs 7 to 12 show the effect of increased temperatures during a longer 
period of time, run 12 being included to definitely show the effect of 
time. Runs 13 to 20 were made under arbitrarily chosen conditions to 
obtain preliminary information on carbons from various raw materials. 
It will be noted that raw pecan shells can be carbonized and simultane-
ously activated by this method, but it is questionable whether such a 
procedure would be economic without recovery of by-products, in contrast 
to preliminary destructive distillation of the shells. Runs 21 to 23 were 
made in an attempt to evaluate the effect of steam rate. The results ob-
tained were the reverse of what would be expected and are thought to be 
due to a lowering of the temperature in the reaction tube, caused by the 
quality of the steam used. These results indicated the need of a super-
heater. 
Results with the use of superheated steam are shown in Table 3. Runs 
TABLE 3 
ACTIVATION OF VARIOUS CHARCOALS IN BATCH EQUIPMENT WITH SUPERHEATER 
Steam Wt.Loss on N / 1012 
Run Source of Time Temp. gm./ gm. Raw Carbon Adsorbed 
No. Carbon Min. oc. Carbon Percentage cc. 
24 .... Pecan shells 
low temp.dist. 30 900 11.68 63.40 48.79 
25 " 30 915 10.30 56.00 48.75 .. .. 
26 " 30 950 16.60 79.00 48.88 .... 
27 " 30 950 7.20 87.20 49.23 . ... 
28 .... Pecan shells 
high temp. 30 950 9.34 70.0 49.28 
29 . ... Corncobs, 
low temp. 10 950 5.20 38.70 49.00 
30 " 12 950 6.84 46.00 49.17 .... 
31 " 15 950 7.80 56.25 49.36 .. . . 
32 " 20 950 Practically all burned up. No test. .... 
33 .... Cornstalk• 
I 
press board 30 950 7.13 77.00 39.70 
34 . . . . Oathulls 30 950 16.10 74.00 36.25 
• Cornstalk pressboard which had been destructively distilled to determine relative yields 
of by-products from whole and compr essed (briquetted) cornstalks. 
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24 to 27, made on pecan shell carbon from a low temperature distillation, 
indicate that relative iodine adsorption apparently increases with increase 
of processing temperature and weight loss of charcoal during treatment, 
but that this increase in adsorption is not directly proportional to either. 
Weight loss, generally, increases with an increase in steam consumption, 
although run 27 is an exception to this rule, possibly explained either 
by the fact that the rate of steam flow was so low as to permit burning 
or, more probably, that the low rate of passage through the superheater 
permitted the steam to become hotter than usual. The data from this 
table show that relatively soft corncob carbon becomes as active as the 
denser pecan shell carbon with considerably shorter time of treatment 
and with lower steam consumption and weight loss. This may be ex-
plained by the fact that corncob charcoal has a lower apparent density 
and, therefore, a greater adsorption area per unit weight than pecan shell 
TABLE 4 
COMPARISON OF ADSORPTION ABILITIES OF THE BEST CARBONS FROM BATCH SET-UP WITH 
COMMERCIAL CARBONS 
N/1012 
Run Source of Time of Run Temferature Adsorbed No. Carbon Minutes c. cc. 
11 ....... ......... Oathulls 45 871 42.44 
13 ............ .... Corncobs 30 871 41.20 
14 ....... ... ...... Straw 30 871 31.50 
15 ................ Rice hulls 30 871 20.45 
21 .... ............ Pecan shells 30 950 49.45 
27 .... .... .. ...... Pecan shells 30 950 39.70 
33 .. .......... ... . Cornstalk 
press board 30 950 39.70 
31 .... ............ Corncobs 15 950 49.36 
34 ................ Oathulls 30 950 36.25 
"Commercial carbon No. 1" ............. ........................... 43.00 
"Commercial carbon No. 2" ..... ... ................................. 46.90 
"Commercial carbon No. 3" ................. ........................ 42.05 
carbon. Cornstalk and oathull charcoals are less satisfactory for activa-
tion, due to their high ash contents. 
Table 4 gives a comparison of the best agricultural waste carbons, 
produced on the laboratory scale, with certain commercial carbons widely 
used in water treatment. On the basis of iodine adsorption alone, it is 
shown that oathull, corncob, pecan shell, and cornstalk charcoals can be 
converted into activated carbons comparable to commercial products from 
other sources. 
Table 5 shows the production data and iodine adsorption values for 
pecan shell carbons activated in the continuous activating apparatus de-
scribed above. Runs 35 to 48, made without the use of superheated steam, 
show adsorption values somewhat lower than those obtained from carbons 
made in the batch furnace. The remaining runs, using a superheater, 
produced carbons generally better than those produced in the batch fur-
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TABLE 5 
ACTIVATION OF PECAN SHELL CARBON IN CONTINUOUS ACTIVATING FURNACE 
NfslO I2 
Run Time of Passage Temperature Wt. Loss Remarks A sorbed 
No. Minutes oc. Percentage cc. 
35 .......... 30 625 ........... No super-
heater 34.15 
36 .......... 30 760 .. ..... .... High 
pressure 42.10 
37 . ... ...... 5 843 19.1 (100 lb.) 
steam only 37.00 
38 30 850 45.0 ,, 39.60 . ... . ..... 
39 15 890 17.1 " 34.30 .......... 
40 30 760 " 48.00 ... ... .. .. ....... .. .. 
41 30 840 " 44.60 .. ...... .. ........... 
42 30 840 " 42.30 .......... 
···· ··· ···· 
43 30 840 ,, 47.80 ....... ... ........... 
44 30 800 ,, 47.40 ... . ...... .. ........ . 
45 30 820 " 47.57 . .. . ... . .. .... .... .. . 
46 30 850 " 47.00 .......... ........... 
47 30 810 " 37.10 .......... ........ ... 
48 30 820 " 36.80 
·········· 
..... .... .. 
49 ..... ... .. 30 871 45.4 Superheater 
used 52.20 
50 30 871 42.5 " 51.66 ..... .. . . . 
51 . . .. . .. ... 30 871 42.0 ..... ... .... 51.13 
52 
··· ······· 
30 800 62.4 ............ 51.04 
53 ..... ..... 30 852 63.6 ............ 52.21 
54 .......... 30 888 67.9 ............ 52.43 
55 ... ....... 30 907 61.6 ... ......... 52.46 
56 .. ........ 30 880 72.0 ... ...... ... 52.21 
57 .......... 30 816 46.2 .... ..... .. . 46.36 
58 .......... 30 849 36.4 ............ 47.62 
59 .... ...... 30 871 36.2 ............ 49.31 
60 .......... 30 843 37.4 ............ 50.79 
61 .... ...... 30 883 34.9 ... .. ....... 50.54 
62 ...... ... . 30 883 38.9 .... ... ..... 49.59 
63 .... ...... 30 940 41.7 .. ... ....... 50.65 
64 ... ..... ... 30 992 68.2 ....... ..... 52.38 
65 .......... 30 960 65.9 .......... .. 52.48 
66 .... ..... . 30 920 51.8 ............ 51.79 
67 ... ....... 30 1000 60.2 ............ 50.84 
68 .... ...... 30 980 68.6 . ........... 50.71 
69 .......... 30 980 70.0 . ........... 50.84 
70 ....... ... 30 980 60.1 
·· ····· ···· · 
49.73 
71 
·········· 
30 955 45.2 ..... .. ..... 49.20 
72 ...... .. .. 30 950 48.6 . ... ........ 50.50 
nace. It is apparent that the data obtained were not sufficient to explain 
the results in this series of runs. However, the results obtained indicated 
that the continuous furnace would be quite practical for this work when 
provided with suitable controls. It can be seen from Table 5 that it would 
be economical to sacrifice some adsorptive power in order to obtain a 
high yield, since conditions causing greater than a 40 per cent loss in 
weight of original charcoal do not increase the adsorption sufficiently to 
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warrant the additional loss of material. Although optimum conditions 
were not fully established, runs 49 to 51, and 58 to 63, inclusive, indicate 
that it is possible to obtain, relatively, very active carbon (based on 
iodine adsorption) with a comparatively low weight loss. This would 
predicate the possibility of manufacturing a commercial carbon for a 
single or limited use, with decolorizing value somewhat below present 
commercial standards, at a possible saving in cost. 
A test was made to determine the effect of the size of charcoal par-
ticles prior to activation upon the activity of the finished carbon. Char-
coal was ground so as to have a maximum particle size of 1,4 inch and 
activated, without screening, at 970° C. for 30 minutes. The activated 
carbon was then classified for particle size: (1) material passing a 200-
mesh screen, (2) materi(!l passing a 1-mm. screen and retained on 200-
mesh, and (3) material retained on a 1-mm. screen. A portion of each 
sample (ground to 200-mesh), both untreated and acid-washed to pH 6, 
was tested for iodine adsorption with results as follows: 
Portion 
cc. 0.10 N 12 adsorbed 
per gram (untreated) cc. 0.10 N 12 adsorbed (acid-washed) 
1 .. .. ........ .... .......... . . . 41.05 
47.73 
48.85 
46.68 
48.33 
48.79 
2 
3 
The lower adsorption shown by the finer unwashed portion is prob-
ably due to the relatively higher ash content, the result of overburning 
of the smaller particles by the heat required to activate the larger par-
ticles. An acid wash applied to such a material somewhat increased its 
adsorption, the increase amounting to 11 per cent for the finer portion, as 
shown above. Since the finer material will probably always be overtreated 
under conditions which will activate the larger particles, it would appear 
desirable to grade the carbon to size prior to treatment and then to vary 
the operating conditions to suit the particle size. Where a fine product is 
desired, considerable economy in heat and time might be effected by grind-
ing to the required degree of fineness before activating, with suitable pro-
cessing adjustments. 
During the course of this study information was received2 that under 
certain conditions carbon reacts with potassium iodide solution to form 
hydriodic acid and that it is advisable to make adsorption tests on water 
solutions of iodine with no potassium iodide present. The procedure used 
in this laboratory follows: 
Twenty milligrams of the carbon to be tested is added to 200 cc. of an iodine 
solution containing approximately 100 p .p.m. iodine. The flask is tightly stop-
pered, shaken fifteen minutes, and the contents promptly filtered through filter 
paper. The first 50 cc. of filtrate is discarded and a 50 cc. portion of the remain-
•Private communication. 
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der, to which 5 cc. of 10 per cent KI solution is added, is titrated with 0.01 N 
sodium thiosulfate. A blank, to which no carbon is added, is run at the same 
time. Calculations are based on the iodine remaining in the solution, as shown 
by the titration. 
For handling such small quantities of carbon, it was found conven-
ient to make up a water suspension of the carbon. For these tests, 1.2 g. 
of the carbon was placed in a 300-cc. volumetric flask which was then filled 
to the mark with distilled water. Five cc. of the suspension was equiva-
lent to 20 milligrams of carbon. 
The tests using iodine alone show a greater variation in results than 
those made using iodine in potassium iodide solution, but they are in the 
same order in each case, as indicated in Table 6. 
A few comparisons were made between laboratory-prepared pecan 
shell carbon and a commercial carbon as to their effectiveness in odor 
TABLE 6 
RELATION OF 12 AND 12-Kl TESTS AS A MEASURE OF ADSORPTION CAPACITY 
I, TEsr 
Run mg. I2 Adsorbed 
No. 
60 
60 
60 
60 
60 
31 
SOURCE OF MATERIAL per Gram Carbon 
Pecan shells, pH 9 ....... 
Pecan shells, pH 5 
Pecan shells, unwashed ... 
Commercial carbon No. 3 
Commercial carbon No. 3 
Pecan shells, pH 9 ....... 
Pecan shells, pH 5 .. ..... 
Corncobs .. .............. 
Commercial carbon No. 1 
Commercial carbon No. 4 
• I2 concentration = 90.6 parts per million. 
t L concentration = 113.0 parts per mlllion. 
475• 
714• 
497• 
446* 
421* 
840t 
853t 
823t 
531t 
411t 
I2-KI TEsr 
Iz Adsorbed 
cc. 
mg. per 
Gram Carbon 
.. ..... .. . .. .. ..... .. ... 
...... ... ... ............ 
50.79 645 
42.05 534 
43.00 546 
········· 
. .............. 
......... . .. ...... ..... . 
49.36 627 
43.00 546 
.... .. ... ............. .. 
removal of drinking water in actual treatment at the works. The water 
treated was raw well water, at the Ames, Iowa, Waterworks Well No. 2. 
This water was contaminated with seepage from an old gas plant tar dump 
and has a particularly noticeable and rather objectionable odor of phenol. 
Dosages of 10 p.p.m. pecan shell carbon in the settling basins reduced the 
"Threshold Odor Number" (14, 15, 3) to 2 while the same treatment with 
equal amounts of "Commercial Carbon No. l" reduced it only to 4. This 
work was discontinued before conclusive tests were completed, but the 
results were seemingly satisfactory. 
A tentative calculation as to the economies of producing activated 
carbon from pecan shells can be made, provided certan assumptions are 
adopted. 
Assuming a 27 per cent yield of primary charcoal (average, reference 
(7) ) from pecan shells, the shells assumed at $2.25 per ton f.o.b. distilla-
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tion plant, and assuming further that the cost of producing the primary 
charcoal by destructive distillation was offset by the value of the condens-
ible vaporized products obtained therefrom, then the raw charcoal would 
cost about 0.4 cents per pound. A loss of 50 per cent in weight, (Table 5) 
in activation, would raise the cost of the raw material to about 0.8 cents per 
pound of activated carbon produced. Assuming an additional "activating 
cost" of 0.5 cents per pound, for labor, steam, and heat, plus 0.7 cents for 
overhead, sales, and miscellaneous, a bulk price of 2 cents per pound, 
f.o.b. plant, or $40.00 per ton, might be predicated. Such costs might be 
commercially competitive. 
ODOR REMOVAL VALUE OF PECAN CARBON 
The following tests comparing pecan shell carbon prepared in this 
laboratory with commercial carbons were made by a commercial water 
company.3 Their report, in part, follows, with the commercial carbons 
identified as in the tables given above. 
"1. Specific gravity. 
Commercial carbon No. 2-0.406 
Commercial carbon No. 1-0.273 
Pecan shell carbon -0.465 
2. Iodine adsorption (28 mg. I, plus 20 mg. carbon) 
Commercial carbon No. 2---43 per cent removal 
Commercial carbon No. 1-37 per cent removal 
Pecan shell carbon -38 per cent removal 
3. Odor reduction tests using aldehol 
Procedure: 1 cc. aldehol in 250 cc. water. 25 cc. of this added to 4,000 cc. 
water to give a dilution of 1 to 40,000 aldehol, a very strong concentration 
with a pungent odor of noticeable intensity. 
Aldehol solution of this concentration was placed in three 1-gallon bottles. 
72 milligrams of "Commercial carbon No. l " was placed in one bottle, 
72 milligrams of "Commercial carbon No. 2" was placed in another, and 72 
milligrams of pecan shell carbon in the third. This dose is equivalent to 
about 150 pounds per million gallons or slightly more than a grain per 
gallon. The order of effectiveness in removing this odor was as follows: 
1. Pecan shell carbon 
2. "Commercial carbon No. 2" 
3. "Commercial carbon No. 1" 
The contact period was 3 hours." 
CONCLUSIONS 
1. Activated carbons can be produced from certain agricultural 
waste materials, either directly or from charcoals resulting from destruc-
tive distillation. 
2. Production of activated carbon from agricultural waste materials 
represents a potential outlet for utilizing large quantities of these mate-
rials, provided the economic phases are in satisfactory adjustment. 
3. With proper control of time, temperature, steam, particle size, and 
pH of the finished products, the indications are that activated carbons 
• Private communication. 
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equal, or superior, to many of those now on the market could be produced 
from certain agricultural wastes, for specific purposes such as water treat-
ment. The relative economics of commercial production of agricultural 
carbons must be studied in more detail before final conclusions can be 
drawn. 
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A LIST OF CHINESE MIRIDAE (HEMIPTERA) WITH KEYS TO 
SUBFAMILIES, TRIBES, GENERA AND SPECIES1 
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Our knowledge of the Family Miridae is fairly complete for the 
European and North American species largely owing to the contributions 
of Prof. 0. M. Reuter of finland and Dr. H. H. Knight of the United States. 
Of the Chinese species very little is known. The first description of a 
Chinese mirid, Pachypeltis chinen.sis was by V. Signoret in 1858. Since 
that time eighteen papers have appeared in which Miridae are described 
from China. Among these contributions two papers by Reuter, one by 
Lindberg, and one by Hsiao are entirely devoted to Chinese fauna and 
hence indispensable references for the study of the mirid-fauna of China. 
Reuter (1903) in his "Capsidae Chinensis et Thibetanae" described 
four genera, ten species, and two varieties, among which six species have 
locality records as "Thibetia (Mou-Pin)." This is apparently a mistake 
as Mou-Pin should be referred to Szechuan province rather than Tibet. 
In his "Uebersicht der palaarktischen Stenodema-Arten," Reuter (1904) 
described four species from China. In 1906 he published the most import-
ant paper on Chinese Miridae "Capsidae in pro. Sz'tschwan China" in 
which he described seven genera, thirty-eight species, and nineteen 
varieties. These descriptions are based on the collections of G. Potanin 
and M. Beresowski. Some of the locality records are given in local pro-
nunciation of small places which the writer has been unable to identify 
as to their exact location. However, one can follow the track of the 
collectors between known cities by the dates given, thus the provinces can 
be recognized if not the towns. In 1934 Lindberg described five species 
from the collection of the Swedish-Chinese scientific expedition to the 
northwestern provinces of China. The present writer (1941) has described 
eleven species and one variety. Besides these a few odd species were 
described by Bergroth, Distant, Jakovlef, Kiritshenko, Poppius, Reuter, 
and Walker, and their references will be found in the citations under 
each species. 
These, together with some exotic species recognized in China by the 
writer, total 143 species and 32 varieties which are distributed in 60 
1 Taken from a thesis (No. 618) presented in partial fulfillment of the require-
ments for the degree of Doctor of Philosophy in the Graduate College of Iowa 
State College, June, 1941. 
•Grateful acknowledgement is made to Dr. H. H. Knight under whose direction 
these studies were conducted, for valuable suggestions and assistance, to Dr. Carl 
J. Drake, Dr. G. Liu, and Dr. T. L. Tsou who have kindly sent the writer material 
for study, and the authority of United States National Museum for loan of 
gpecimens. 
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genera and 7 subfamilies. About 60 per cent of the locality records are 
from Szechuan province, 18 per cent from Kansu province, 15 per cent 
from Mongolia and the remaining 7 per cent from other parts of China. 
Zoogeographically, China is mainly Palearctic from the northern 
border to the Yangtze River, and Oriental for the southern part, while 
the Indo-Maylayan fauna extends northwards to some of the southwestern 
provinces. The provinces of Szechuan and Sikang serve as the centering 
point where these faunas meet. Hoffman (1935) divided Eastern Asia 
zoogeologically into nine subregions of which China embraces three, the 
Indo-Chinese, Manchurian, and Siberian subregions. In the present study 
there is not enough material available to recognize these divisions. How-
ever, it is interesting to notice that in the present study one Philippine 
species has been collected as far north as Peiping and a few Indian species 
collected inland as far as Szechuan province. As has been shown above, 
the greater part of China has not been well collected, and much work 
needs to be done before we can form a complete picture of the Chinese 
mirid-fauna. 
The present study is an attempt to summarize our fragmentary 
knowledge of the Chinese Miridae and to arrange them systematically as 
our present knowledge permits. Synoptic keys to subfamilies, tribes, 
genera, and species are given for all the species of the family known to 
occur in China. Structural characters have been utilized as far as possible 
in preparing the keys. For measurements of body parts the following 
explanation is made: width of pronotum is the distance between the 
two posterior angles; the width of vertex is the shortest distance between 
the interior margins of the eyes unless otherwise indicated, and the 
width of eye is its transverse dimension as viewed from above. The 
Chinese locality records are arranged according to province. Those given 
only as "China" will be found enclosed within quotation marks. 
GENERAL DISCUSSION 
Early in 1831 C. W. Hahn, in his famous "Wanzenartigen Insecten," 
founded the family "Mirides," based upon Fabricius' genus Miris, the 
oldest genus of the family. Four years later H. Burmeister used the name 
"Capsini" for the family, and unfortunately this was followed by most 
of the early hemipterists. It was not until 1899 that G. W. Kirkaldy 
pointed out that according to the "rule of priority" Miridae should be 
used as the correct name of the family as it is based on both the oldest 
genus, Miris, and the oldest group name, "Mirides." 
This is an extremely large family. In the palearctic region it 
includes nearly one-third of all the hemipterous species, and forms nearly 
one-fifth of all the species of Hemiptera and Homoptera listea in Oshan-
in's Katalog. They are mostly fragile insects with more or less soft inte-
gument. They are active, run fast, and fly freely. 
The Miridae, being represented by both pagiopodous and trochalopo-
dous types, are considered phylogenetically as relatively primitive Hemip-
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tera. Latreille (1825) and others placed them close to Pyrrhocoridae on 
the basis that they are without ocelli. Considering other characters it is 
evident that this conclusion is arbitrary. Fieber (1851) placed the 
Miridae close to Cimicidae and Anthocoridae, and Kirschbaum (1855) 
first pointed out the relationship of Miridae with Anthocoridae on the 
basis of the development of a cuneus in the hemelytra. This opinion has 
been accepted by most of the hemipterists. Reuter (1910), in his monu-
mental work, "Neue Beitrage zur Phylogenie und Systematik der Miri-
den," included the Miridae in the superfamily "Cimicoideae" together 
with Isometopidae, Termatophylidae, Microphysidae, Anthocoridae, and 
Cimicidae. As to the phylogenetic relationship among the subfamilies of 
Miridae, Knight (1923) pointed out that it does not present a linear series 
of development, but more of a progression upward in several directions, 
Phylinae being the most primitive group and Capsinae representing the 
highest development. 
The mirids are to be found in varied situations depending upon the 
species. Some species inhabit low, marshy places while others prefer dry, 
sandy hills, but all are terrestrial. A majority of the species subsist · 
exclusively on plant juices, but certain genera are known to be chiefly 
predacious, preying upon soft-bodied insects. In certain species the pre-
dacious habit is only partially developed. The greater number of the plant 
feeders are limited to a single host plant or to closely related species of 
plants. But there are a few species, such as Lygus pratensis Linn. and 
Adelphocoris lineolatus Goeze, which have a great range of food plants, 
and often become serious pests of cultivated crops. 
Many species of Miridae exhibit pterygomorphism. Brachypterous 
and apterous forms occur throughout the family, and individuals of one 
species may exhibit different forms in regard to wing-development, having 
all gradations of brachypterism. In some species only females are dimor-
phous, while in others both males and females are dimorphous. 
Accompanying the development of wings, there occurs in some species 
a corresponding variation of develOpment of the thorax and consequently 
the dimorphism of the body-form. The genus Mecomma serves as an 
excellent illustration. In this genus male and female are usually so differ-
ent that an inexperienced worker can scarcely free himself from the belief 
that they should belong to different species. In general, the male is more 
slender than the female and with narrower vertex and longer antennae. 
Being mostly plant feeders, a number of species of mirids exhibit the 
phenomenon of protective coloration. Those inhabiting low vegetation, 
among roots of grasses, are generally dark, those living on leaves of 
grasses and trees are greenish, and those feeding on conifers, reddish or 
yellowish. Certain species of Stenodema imitate their host plants in 
coloration to such extent that they can change their color in different 
seasons to simulate host colors. Numerous species exhibit great variation 
of color patterns, and color varieties within the species are also frequent. 
Different sexes are often differently colored, the male usually darker than 
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the female. The individuals of over-wintering species usually become 
darker after hibernation. 
Mimetic forms are numerous among the Miridae, especially the 
species of Pilo-phorus and Myrmecoris and their closely related genera. 
These species commonly mimic the appearance of ants in whose com-
munity they are often collected, and at first glance may be mistaken for 
ants. The nymphs of Bothynotus pilosus show a strong similarity to the 
plant lice on which they apparently subsist. The relationship between the 
antlike mirids and ants still remains an unexplained mystery. 
A number of mirids, like many other hemipterous insects, may emit 
a kind of offensive odor. However, some species of Apocremnus have 
been reported to emit sweet odor, and some Calocoris have ostiolar odor 
like the scent of pears. The explanation of this phenomenon offers an 
interesting problem for research. 
The family Miridae is characterized as follows: body medium or 
small, rarely large, longer than broad and broader than high, pubescent 
or glabrous. Head with juga not reaching apex of clypeus, ocelli absent, 
rostrum free, four-segmented, segment I thickened and as long as or 
longer than head; antennae four-segmented, segment I the thickest, 
segments III and IV usually more slender than II, rarely as thick or 
thicker. Hemelytra typically separated into clavus, corium, cuneus, and 
membrane, embolium sometimes discrete with corium, veins of membrane 
forming a major and a minor areole. Posterior coxae cardinate or some-
times rotatory, tarsi three-segmented, claws usually provided with arolia 
or pseudarolia or both at base, the presence or absence, size and form of 
these structures furnish the most reliable characters for separating the 
subfamilies. 
This family was divided by Doctor Knight into nine subfamilies 
seven of which are known to occur in China, though the subfamily 
Cylapinae is likely to be found when more collection is made. 
FAMILY MIRIDAE 
Key to Subfamilies 
1. Arolia absent, or present but bristle-like in form, pseudarolia absent or present 
and sometimes very prominent . . . .... . .. . ........ . . ... . . .......... . .. . ..... 2 
Arolia prominent, always arising approximately at base between the claws, 
sometimes minute pseudarolia also present ... . . . . . ........ . .......... . . . ... 6 
2. Prothorax simple, without an annuliform apical stricture, sometimes with a 
flattened apical area suggesting a collar but not separated off by a distinct 
incised line .... ... ... . .. . ......... . . . .... . ... . .. .. . .. . . ...... . ...... . . Phylinae 
Prothorax with an apical stricture, sometimes obsolete above in the middle 
but forming a distinct collar . . .... .. . .. . . ... . .. . .. . . .. ......... . ..... .. ..... 3 
3. Pseudarolia present, usually prominent .. . .. .. .. . .. .. ... . .................... 5 
Pseudarolia absent, arolia bristle-like .. . .. . .... . . . .. . ........... . ......... .. . 4 
4. Claws slender and simple, evenly curved . . . ...... . .. ... . . . ... . . ..... . Cylapinae 
Claws angulatedly bent, usually cleft near base ..... . ........... . Deraeocorinae 
5. Pseudarolia large or small, not connate with the claws; tarsal segment III 
linear, not thicker than the preceding ... ... . ... .. . .. . . . ... .. . . . .. . Dicyphinae 
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Pseudarolia large, broadly involving the claws; tarsal segment III incrassate, 
always thicker than the preceding .... . ....... . .. .. . .. ....... . . . Bryocorinae 
6. Arolia converging at their apices .. . ..... . .. . . . .. . . . . . .. . ...... . . . Orthotylinae 
Arolia diverging at their apices . ...... . ....... .. . .... . .. ... . . ..... .. . ...... . .. 7 
7. Prothorax without distinct annuliform apical stricture, tarsal segments scarcely 
overlapping at joints and thus very flexible ... . ..... . ...... . ........ . Mirinae 
Prothorax with an annuliform apical stricture extending over the sides and 
beneath, tarsal segments with tips overlapping at joints and thus practically 
inflexible ...... . ... ..... . ..... . . ....... . ........ . .. . .. . .. . ..... .... . . Capsinae 
SUBFAMILY PHYLINAE 
Key to Tribes 
1. Pronotum with a more or less flattened apical area, lateral margins distinctly 
sinuate; abdomen distinctly constricted at base; pseudarolia not distin-
guished ........ . .. . . .. ............. . ..... . . . .. . ..... . ... . . . .... . . . . Allodapini 
Pronotum simple, lateral margins straight or nearly so, rarely slightly sinuate; 
abdomen not constricted at base ...... . ... . . . ..... . ..... .. . . . . ..... . .. .. .. . . 2 
2. Body above usually shining; prosternal xyphus convex, immarginate or rarely 
slenderly marginate, pseudarolia minute and connate upon the inne•· angle 
of claws or wanting . ... .. . ....... . .... . .. . .. .. .. . .. . .. . .... . ........ . Phylini 
Body above usually opaque, prosternal xyphus depressed on its disk, its 
margins more or less elevated; pseudarolia distinct, extending beyond middle 
of claws ... . ..... . ......... . .... .. .. . . . . . ... . ..... . . : .............. . Oncotylini 
TRIBE PHYLINI 
Key to Genera 
1. Head wide, not less than four-fifths of width of pronotum at base, legs 
saltatorial ..... . ............ . .... . ....... . ..... ... ... .. . . .. . .... . Chlamydatus 
Head medium or small, less than four-fifths of width of pronotum at base, 
legs normal. ....... . . ... . ... . . . .... ........ . .. . ......... . .......... . ......... 2 
2. Clypeus depressed, broad, confluent or obsoletely discrete with frons; vertex 
marginate ......... . .... . ..... . .. . .. . ....... . .. . ......... . ... . .. . . . . Sthenarus 
Clypeus compressed, prominent, generally discrete with frons by an impression 
at base; vertex immarginate ...... . ............. . . . ......... . . . .. .. .. ... ... 3 
3. Pubescence composed of a single type of fine simple pubescent hairs .. . . . . . . .4 
Pubescence composed of closely appressed, tomentose, or scale like deciduous 
hairs, and usually interspersed with more erect pubescent hairs .......... . . 8 
4. Pubescence intermixed with black hairs; spinules on tibiae black .. .......... 5 
Pubescence generally unicolorous; spinules on tibiae pale . ........ .. ........ .. 6 
5. Lateral margins of pronotum straight; prosternal xyphus immarginate; pos-
terior femora more of less incrassate in male . . . .. . . ............ Plagiognathus 
Lateral margins of pronotum more or less sinuate; prosternal xyphus tenuously 
marginate; posterior femora slender in male . . ................. . Agraptocoris 
6. Rostral segment I short, not surpassing base of head; spinules at least of 
posterior tibiae with dark spots at base . . ................. . .... . Leucodellus 
Rostral segment I longer, attaining middle of xyphus; tibiae without dark 
spots ................... . ..... . . . . . .... . ...... . ............................. 7 
7. Rostrum reaching or scarcely surpassing apex of posterior coxae, posterior 
tarsal segments II and III subequal in length . ..... . .... . ..... . .. Eucharicoris 
Rostrum scarcely reaching apex of intermediate coxae, posterior tarsal segment 
II distinctly longer than III. ..... . .... . ........... . ............. . . . . Ectenellus 
8. Head strongly produced beyond the eyes, antenna! segment II incrassate 
(except the <j? of Criocoris) .. . .... .. .. ... .. .. .............. .... ........ . ..... 9 
246 TSAI YU HSIAO 
Head not or scarcely produced, inclined or subvertical in position; antennal 
segnient II linear or nearly so ......... . ....... . .... . . . ................ Psallus 
9. Antenna! segnient I distinctly surpassing apex of clypeus, segment II fusiform 
in both sexes; lateral margins of pronotum somewhat sinuate .. .. . . Excentricus 
Antenna! segment I not surpassing apex of clypeus, segnient II strongly incras-
sate in the male, slender in the female; lateral margins of pronotum 
straight ... . ... ..... . . . . ... .... .. . . .. .. . . . . . . . .. . . .. . ........ . ... . .. . Criocoris 
GENUS CHLAMYDATUS CURTIS 
Key to Species 
1. Body densely clothed with black hairs; rostrum reaching posterior coxae 
..... ........ .. . . . . . . .... .. ... . ....... . .. ...... . . . .. ..... . ... .. ... .. pachycerus 
Body clothed with grayish pubescence; rostrum only reaching intermediate 
coxae ....... . . . .. .. . . ... . ..... . ... . ..... ... ... . ... . .. .. ......... ... ........ . 2 
2. Antenna! segnients I and II chiefly black, segnient II much shorter than III 
and IV taken together .... . . . . . . .. . .. ... . . . .. .. ... ... .. . ..... . .. . ...... . pullus 
Antenna! segnients I and II chiefly rusty yellow, segnient II nearly as long as 
III and IV taken together . . ..... . . . ....... . . ... .. . . . .. .. .. . .... . .. fulvicornis 
CHLAMYDATUS PACHYCERUS Kiritshenko 
1931 Chlamydatus pachycerus Kiritshenko, Ann. Mag. Nat. Hist., (10) vii, p. 384 
Tibet. 
CHLAMYDATUS PULLUS (Reuter) 
1870 Agalliastes pullus Reuter, Not. Sallsk. F. et. Fl. Fenn. Forh., xi, 324. 
Kansu, Mongolia. 
CHLAMYDATUS FULVICORNIS (Jakovlef) 
1890 Agalliastes fulvicornis Jakovlef, Hor. Soc. Ross., xxiv, p. 348. 
Mongolia. 
GENUS STHENARUS FIEBER 
Key to Species 
1. Posterior margin of vertex distinctly carinate; tibiae with dark spots at base 
of spinules, apex blackish; femora with series of fuscous spots . . . . .. pallidipes 
Posterior margin of vertex ecarinate; tibiae unicolorous or black at base, without 
dark spots, femora without series of dark spots .. ..... . .. . ..... .. ... . .. . . . .. 2 
2. Head about three-fifths as wide as base of pronotum; rostrum reaching apex of 
posterior coxae; pronotum distinctly transversely rugulose ......... interruptus 
Head about three-fourths as wide as base of pronotum; rostrum reaching apex 
of intermediate coxae; pronotum obsoletey finely rugulose .. .......... . .... 3 
3. Antenna! segnient II strongly incrassate, apex distinctly thicker than segnient 
I; cuneus with an arcuate white marking at base . . ........ . ... . . niveoarcuatus 
Antennal segnient II slightly incrassate, apex as thick as segnient I; cuneus 
concolorous ........... . ... . . .. .. . ..... . ..... . . . .. . . . ... . .. . ... . . . . . . . potanini 
STHENARUS NIVEOARCUATUS Reuter 
1906 Sthenarus niveoarcuatus Reuter, Ann. Mus. Zool. St. Pet., x, p. 80. 
Sikang. 
STHENARUS POTANINI Reuter 
1906 Sthenarus potanini Reuter, Ann. Mus. Zool. St. Pet., x, p. 77. 
Szechuan. 
STHENARUS INTERRUPTUS Reuter 
1906 Sthenarus interruptus Reuter, Ann. Mus. Zool. St. Pet., x, p. 79. 
Szechuan. 
STHENARUS PALLIDIPES Reuter 
1906 Sthenarus pallidipes Reuter, Ann. Mus. Zool. St. Pet., x, p. 78. 
Szechuan. 
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GENUS PLAGIOGNATHUS FIEBER 
Key to Species 
1. Antennal segments I and II totally black, body generally dark ...... arbustorum 
Antennal segments I and II only partly black, body above chiefly pale ......... 2 
2. Body above clothed with pale or flavous hairs ... . . . . . . . . . . ...... ........ . .... 3 
Body above clothed with black or fuscous hairs . ... . . . . . . . . . ... . .... . ...... . . 4 
3. Body above densely clothed with long fragile pale hairs, rostrum not reaching 
apex of posterior coxae .. ... . ......... . ........ . ... . . . . . .. . ........ albipennis 
Body above finely flavous pubescent, rostrum reaching apex of posterior 
coxae ..... . ................... . ....... . .. . . . .. . .. ... ... . ... . ....... . breviceps 
4. Body above finely pale pubescent, intermixed with fuscous hairs, rostrum 
barely surpassing intermediate coxae ... .. ... . . . ..... . . . ... . . .. ......... lividus 
Body above clothed only with black hairs, rostrum reaching apex of posterior 
coxae . . ......... . .... .. .. .. ... . ......... . ... . .. . .. .. ... .. ..... . .. . ......... 5 
5. Pronotum and hemelytra usually marked with black, ventral segments black 
with margins greenish gray . .. ...... . . . .. ... .... ... . ... ...... ... cinerascens 
Pronotum and hemelytra unicolorously pale greenish or flavous, venter 
fuscous or greenish . . ..... . . .. ..... .. .. . ...... . .. . ... . .. . .. .. ... . chrysanthemi 
PLAGIOGNATHUS BREVICEPS Reuter 
1879 Plagiognathus ? breviceps Reuter, Hem. Gym. Eur., i, p. 82. 
Kansu, Sikang, Szechuan. 
PLAGIOGNATHUS ALBIPENNIS (Fallen) 
1829 Phytocoris albipennis Fallen, Hem. Suec., Cim., p. 107. 
Hopei; Liaoning•: Mukden, Aug. 1931 (G. Liu); Szechuan. 
PLAGIOGNATHUS ALBIPENNIS var. MOESTUS Reuter 
1906 Plagiognathus albipennis var. moesta Reuter, Ann. Mus. Zool. St. Pet., x, p. 75. 
Szechuan. 
PLAGIOGNATHUS ARBUSTORUM (Fabricius) 
1794 Lygaeus arbustorum Fabricius, Ent. Syst., iv, p. 175. 
Szechuan. 
PLAGIOGNATHUS ARBUSTORUM var. HORTENSIS (Meyer-Diir) 
1843 Capsus hortensis Meyer-Dur, Verz. Schw. Rhyn. Caps., p. 66, t . 3, f. 2. 
Szechuan. 
PLAGIOGNATHUS ARBUSTORUM var. PALLIDIPENNIS Reuter. 
1906 Plagiognathus arbustorum var. pallidipennis Reuter, Ann. Mus. Zool. St. Pet., 
x, p . 75. 
Kansu, Szechuan. 
PLAGIOGNATHUS CINERASCENS Reuter 
1904 Plagiognathus cinerascens Reuter, <Jfv. Fin. Vet. Soc. Forh., xlvi, No. 14, p. 17. 
Mongolia. 
PLAGIOGNATHUS LIVIDUS Reuter 
1906 Plagiognathus lividus Reuter, Ann. Mus. Zool. St. Pet., x, p. 73. 
Szechuan. 
PLAGIOGNATHUS CHRYSANTHEMI (Wolff) 
1804 Miris chrysanthemi Wolff, Icones Cimicum, p. 157. 
Kansu. 
GENUS CRIOCORIS FIEBER 
CRIOCORIS QUADRIMACULATUS (Fallen) 
1829 Capsus quadrimaculatus Fallen, Hem. Suec. Cim., p . 119. 
Mongolia. 
• New record. 
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GENUS EXCENTRICUS REuTER 
ExcENTRICUS PICTIPES Reuter 
1879 Excentricus punctipes var. pictipes Reuter, Hem. Gym. Eur., i, p. 91. 
Mongolia. 
GENUS PSALLUS FIEBER 
Key to Species 
1. Body reddish testaceous, opaque ......................................... opacus 
Body black or principally so, shining .......................................... 2 
2. Antenna! segment II shorter than width of pronotum at base ........ aenescens 
Antenna! segment II longer than width of pronotum ......................... 3 
3. Antenna! segment II less than three times as long as I; spinules on tibiae 
pale; ostiolar peritreme black and opaque ............................ alpestris 
Antenna! segment II about five to six times as long as I, spinules on tibiae 
black; ostiolar peritrem.e pale ............... . ...................... holomelas 
PSALLUS OPACUS Reuter 
1906 Psallus opacus, Reuter, Ann. Mus. Zool. St. Pet., x, p. 72. 
Sikang, Szechuan. 
PsALLUS AENESCENS (Reuter) 
1901 Neocoris aenescens Reuter, Ofv. Fin. Vet. Soc. Forh., xliii, p. 188. 
Mongolia. 
PSALLUS ALPESTRIS Reuter 
1906 Psallus alpestris Reuter, Ann. Mus. Zool. St. Pet., x, p. 70. 
Szechuan. 
PSALLUS HOLOMELAS Reuter 
1906 Psallus holomelas Reuter, Ann. Mus. Zool. St. Pet., x, p. 69. 
Szechuan. 
GENUS LEUCODELLUS REUTER 
LEucoDELLUS ALBmus Reuter 
1906 Leucodellus albidus Reuter, Ann. Mus. Zool. St. Pet., x, p. 69. 
Szechuan. 
GENUS ECTENELLUS REUTER 
ECTENELLUS TIBIALIS Reuter 
1906 Ectenellus tibialis Reuter, Ann. Mus. Zool. St. Pet., x, p. 67. 
Sikang. 
GENUS EUCHARICORIS REuTER 
EUCHARICORIS PALLIDIPENNIS Reuter 
1906 Eucharicoris pallidipennis Reuter, Ann. Mus. Zool. St. Pet., x, p. 65. 
Szechuan. 
GENUS AGRAPTOCORIS REuTER 
AGRAPTOCORIS CONCOLOR Reuter 
1904 Agraptocoris concolor Reuter, Ofv. Fin. Vet. Soc. Forh., xlvi, No. 4, p. 7. 
Mongolia. 
TRIBE ONCOTYLINI 
Key to Genera 
1. Body above devoid of black hairs, pseudarolia laminate-explanate, apical margin 
of pronotum straight ............................................. . Atomophora 
Body above clothed with black hairs, pseudarolia narrow or acuminate, apical 
margin of pronotum more or less sinuate ............... .... ................ 2 
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2. Rostrum short, not surpassing apex of intermediate coxae, antenna! segment I 
longly surpassing apex of head, pseudarolia narrow .......... . ..... Oncotylus 
Rostrum longer, reaching apex of posterior coxae, antenna! segment I not 
surpassing apex of head, pseudarolia acuminate .... . ... . ........ . Acrotelus 
GENUS ATOMOPHORA REUTER 
ATOMOPHORA SUTURALIS Reuter 
1904 At<>'l'nOphora suturalis Reuter, ()fv. Fin. Vet. Soc. Forh., xlvi, No. 4, p. 13. 
Mongolia. 
GENUS ONCOTYLUS FIEBER 
ONCOTYLUS FUSCICORNIS Reuter 
1904 Oncotylus fuscicornis Reuter, ()fv. Fin. Vet. Soc. Forh., xlvi, No. 14, p. 10. 
Mongolia. 
GENUS ACROTELUS REUTER 
ACROTELUS PILOSICORNIS Reuter 
1901 Acrotelus pilosicornis Reuter, ()fv. Fin. Vet. Soc. Forh., xliii, p. 184. 
Mongolia. 
TRIBE ALLODAPINI 
GENUS ALLODAPUS FIEBER 
ALLODAPUS sIBmICUS Poppius 
1912 Allodapus sibiricus Poppius, ()fv. Fin. Vet. Soc. Forh., liv, A, No. 29, p. 8. 
Kansu. 
SUBFAMILY DICYPHINAE 
Key to Genera 
Transverse sulcus on pronotum behind calli extending to sides of pronotum 
...... . ........ . .. . ....... . ...................................... Dicyphus Fieb. 
Transverse sulcus behind calli not extending to sides of pronotum .. . Cyrtopeltis 
GENUS DICYPHUS FIEBER 
DICYPHUS NIGRIFRONS Reuter 
1906 Dicyphus nigTifrons Reuter, Ann. Mus. Zool. St. Pet., x, p. 61. 
Szechuan. 
GENUS CYRTOPELTIS FIEBER 
Key to Species 
Body more than 4.5 mm. long, antenna! segment II as long as width of pronotum 
at base, scutellum and hemelytra unicolorous, vertex nearly three times 
as wide as eye .............. . ....... . .. . ..... . .. . .... . ........ geniculata Fieb. 
Body less than 4 mm. long, length of antenna! segment II less than width of 
pronotum, scutellum and hemelytra marked fuscous, vertex about as wide 
as eye . . ... . ... . ... . .......................... . ....... . .......... tenuis Reut. 
CYRTOPELTIS TENUIS Reuter 
1895 Cyrtopeltis tenuis Reuter, Rev. d'Ent., xiv, p. 139. 
1904 Gallobelicus crassicornis Distant, Faun. Brit. Ind., Rhyn., ii, p. 478, £. 310. 
"China"; Shangtung•: Tsinan, Sept. 7, 1934. 
• New record. 
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CYRTOPELTIS GENICULATA Fieber 
1861 Cyrtopeltis geniculata Fieber, Eur. Hem., p . 323. 
Kansu, ·Mongolia. 
SUBFAMILY BRYOCORINAE 
Key to Genera 
1. Scutellum subspherical, very strongly convex; antenna! segments II and III 
clavate, IV fusiform ....... . .. . . . .......... .. . . ... . .... . . . ... . Rhopaliceschatus 
Scutellum and antennae otherwise constructed .. .. . .. . . .. . . . . . .... . ..... . ..... 2 
2. Pronotum strongly constricted at a point slightly before middle; scutellum 
moderately convex, sometimes with a central sulcation .. . . . . . . Pachypeltis 
Pronotum and scutellum otherwise constructed ..... . . . ........... ..... ...... 3 
3. Eyes removed from pronotum, head constricted behind eyes . . . Cobalorrhynchus 
Eyes nearly contiguous to pronotum, head not constricted behind eyes ......... 4 
4. Body oblong, pronotum imprmctate, rostrum not reaching apex of meso-
sternum .... . .. . ..... . . .. . ... . . .. . . . ... . ..... . .... . . .. . . .. .. . ... ... . Bryocoris 
Body broadly ovate, pronotum finely punctate, rostrum reaching apex of meso-
sternum .. . . . . .. . ..... .. . .. ....... . .. .. . .. . .. ........ . ... ... ... . . . Monalocoris 
GENUS MONALOCORIS DAHLBOM 
MONALOCORIS FILICIS Linnaeus 
1758 Cimex filicis Linnaeus, Syst. Nat., ed. x, p. 443. 
Anhwei •; Taipinghien, Oct. 1932; Szechuan•; Peibay, June, 1932 (G. Liu) . 
GENUS BRYOCORIS FALLEN 
BRYOCORIS CONVEXICOLLIS Hsiao 
1941 Bryocoris convexicollis Hsiao, Iowa State College Jour. Sci., xv, No. 3, p. 241. 
Szechuan. 
GENUS COBALORRHYNCHUS REUTER 
COBALORRHYNCHUS BIQUADRANGULIFER Reuter 
1906 Cobalorrhynchus biquadrangulifer Reuter, Ann. ~us. Zool. St. Pet., x, p. 2. 
Sikang. 
GENUS PACHYPELTIS SIGNORET 
PACHYPELTIS CHINENSIS Signoret. 
1857 Pachypeltis chinensis Signoret, Ann. Soc. Ent. Fr., (3) vi, p. 501. 
"China." 
GENUS RHOPALICESCHATUS REUTER 
RHOPALICESCHATUS QUADRIMACULATUS Reuter 
1903 Rhopaliceschatus quadrimaculatus Reuter, ofv. Fin. Vet. Soc. Forh., xlv, No. 
16, p. 3, t . 2, f. 1. 
Szechuan. 
SUBFAMILY DERAEOCORINAE 
Key to Genera 
Head subhorizontally produced, constricted behind eyes, eyes somewhat removed 
from pronotum, tarsal segment III thickened toward apex, rostrum short, 
slightly surpassing apex of mesosternum ... . .. . ...... ..... . .. ... . .......... Ix 
Head not distinctly produced, tarsal segment III normal, rostrum longer, 
. ... . .... . ... ... . ... . ... . ... . . . . . .. ... .. . . .. .. .... . . . ............. . Deraeocoris 
• New record. 
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GENUS IX BERGROTH 
This genus was referred to the subfamily Bryocarinae by Bergroth in 1917. In 
1926 Dr. Knight examined the type in United States National Museum and 
recorded the arolia as indistinct, undoubtedly bristle-like, and referred the genus 
to subfamily Deraeocorinae. 
Ix PORRECTA Bergroth 
1917 Ix porrecta Bergroth, Proc. U. S. Nat. Mus., li, p . 235. 
Hongkong. 
GENUS DERAEOCORIS KmscHBAUM 
Key to Species 
1. Scutellum punctate, sometimes only very obsoletely so ...... . . . .. . .... . ...... 2 
Scutellum impunctate ... ... ........ . .. .. .. .. .... . .. . .. . . . ............ . . ..... . .. 6 
2. Collar of pronotum opaque . .. . .. . . . ............. . . . .. . . . . . . . . . . .. . ........... 3 
Collar of pronotum shining . . .. .. ... ... .. . . . .. .... ...... . . . . .. .. .. . . . . .. .. .... .4 
3. Body more than 6 mm. long, length of antenna! segment I greater than width 
of vertex ...... . ......... . . .. ....... . . . . ... .......... . ... . . .... . . ... annulipes 
Body less than 5 mm. long, length of antenna! segment I less than width 
of vertex . .. . .... . . . ..... . ...... .. .......... . ................. . . . punctulatus 
4. Body more than 7 mm. long, length of antenna! segment I greater than width 
of vertex . ....... ... . . . . ...... .. .. . ..... . . . . . ... . ... .... . .. ......... . ....... 5 
Body less than 5 mm. long, length of antenna! segment I less than width of 
vertex ...... .. . . ....... . .... . ..... . ... . . . .. . ....... . ....... . .. . . . . aphidicidus 
5. Femora broadly ferruginous at apex, cuneus black or sanguinous at middle, 
head usually ferruginous with clypeus black ... . . . ... . . ... .. . . .. ..... . ruber 
Femora entirely black, cuneus white at middle, head black with base luteus 
......... . . . ... .. . . ..... . . . ... . .. . . . ... . . . ... . ....... . .... . .. . ..... . . . sibericus 
6. Body at least with pronotum, antennae and legs pilose ...... ........... . .. . . . 7 
Body above glabrous . ....... . .......... .. . .. . . ....... . ...... . ....... .. . . .. . . . .. 8 
7. Length of antenna! segment I nearly twice the width of vertex, collar of 
pronotum slender and shining ... . . .... ... .... . .. ... . . . . . ... . . .. . .... montanus 
Length of antenna! segment I slightly less or greater than width of vertex; 
collar of pronotum wider and opaque .... ... . . ...... . . . .... . ........ . pilipes 
8. Collar of pronotum opaque; antenna! segment II at least three times the length 
of I . . . .... . . . . . .... .. . .... . . . ......... ..... ................. . .... . ...... . . .. 9 
Collar of pronotum shining; antenna! segment II shorter, rarely three times 
the length of I, but if so then calli on pronotum strongly elevated and 
confluent at middle . . .. . . . ...... . ... . . . .. .. . . ....... . ... . . . ....... . .. . ...... 10 
9. Body above black, only with posterior margin of head and sometimes scutellum 
discolorous; rostrum reaching posterior coxae . . ....... . . . . .. . . ... . .. scutellaris 
Body above fuscous and fiavous variegated; rostrum only reaching upon inter-
mediate coxae . .. .. . ..... . ... . . . ... . ... . . .. .. . . .. . . .. .. .. . .... .. . . ... horvathi 
10. Pronotum and hemelytra concolorously punctate, calli on pronotum strongly 
elevated . ............. . .. . .. .. .. . . .. .. .. . . ... .. .... . . . . ..... .... . .. . alticallus 
Pronotum and hemelytra fusco-punctate, calli somewhat fiat . .. . . . ... ........ 11 
11. Vertex immarginate, pronotum uniformly fulvous . . .... .. . . .. . . . . . . anhwenicus 
Vertex tenuously marginate, pronotum ochraceous and fuscous . ... . nigropectus 
DERAEOCORIS SIBIRICUS Kiritshenko 
1890 Capsus ater Jakovlef, Hor. Soc. Ent. Ross., xxiv, p. 344. (nom. preoc.) . 
1913 Deraeocoris sibiricus Kiritshenko, Rev. Russ. Ent., xiii, p. 483. 
"China". 
DERAEOCORIS RUBER (Linnaeus) 
1758 Cimex ruber Linnaeus, Syst. Nat., ed. x , i, p. 446. 
Kiangsu : Nanking, June 12, 1939. 
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DERAEOCORIS SCUTELLARIS (Fabricius) 
1794 Lygaeus scutellaris Fabricius, Ent. Syst., iv, p. 180. (nee. Reuter) . 
Mongolia. 
DERAEOCORIS ANNULIPES (Herrich-Schiiffer) 
1842 Capsus annulipes Herrich-Schiiffer, Wanz. Ins., vi, p. 97, f. 669. 
Mongolia. 
DERAEOCORIS HORVATH! Poppius 
1915 Deraeocoris Horvathi Poppius, Ann. Mus. Nat. Hung., xiii, p. 78. 
Yunan. 
DERAEOCORIS APHIDICIDUS Ballard 
1927 Deraeocoris aphidicidus Ballard, Mem. Dept. Agr. Ind. Ent. Ser., x, No. 4, p. 62, 
pl. 16, f. 3. 
This species was first reported by its author as "predacious, especially on 
Aphis gossypii Glover." The specimens on hand agree with Ballard's description 
and are predacious on Thysanozyna limbata Enderlein (kindly determined by L. D. 
Tuthill) according to Dr. Tsou. 
Szechuan•, 1939 (T. L. Tsou). 
DERAEOCORIS NIGROPECTUS Hsiao 
1941 Deraeocoris anhwenicus Hsiao, Iowa State College Jour. Sci., xv, No. 3, p. 242. 
Anhwei, Kwangsi. 
DERAEOCORIS ANHWENICUS Hsiao 
1941 Deraeocoris anhwenicus Hsiao, Iowa State College Jour. Sci., xv, No. 3, p. 242. 
Anhwei. 
DERAEOCORIS PUNCTULATUS (Fallen) 
1807 Lygaeus punctulatus Fallen, Mon. Cim. Svec., p. 87. 
Kansu. 
DERAEOCORIS PUNCTULATUS var. PULCHELLUS (Reuter) 
1906 Camptobrochis punctulatus var. pulchella Reuter, Ann. Mus. Zool. St. Pet., 
x, p. 56. 
Szechuan. 
DERAEOCORIS PUNCTULATUS var. POPPIUSI (Reuter) 
1906 Camptobrochis punctulatus var. poppiusi Reuter, Ann. Mus. Zool. St. Pet., 
x, p. 57. 
Szechuan. 
DERAEOCORIS ALTICALLUS Hsiao 
1941 Deraeocoris alticallus Hsiao, Iowa State College Jour. Sci., xv, No. 3, p. 243. 
Szechuan. 
DERAEOCORIS PILIPES (Reuter) 
1879 Camptobrochis pilipes Reuter, C>fv. Fin. Vet. Soc. Forh., xxi, p. 201. 
Mongolia, Szechuan. 
DERAEOCORIS MONTANUS Hsiao 
1941 Deraeocoris montanus Hsiao, Iowa State College Jour. Sci., xv, No. 3, p. 244. 
Szechuan. 
SUBFAMILY ORTHOTYLINAE 
Key to Genera 
1. Eyes pedunculate, head very broad . . .. . ........ . . . ...... . ........ . .. . Labopini 
Eyes normal, head narrower . . .... . .... . . . . . ...... . . .. ......................... 2 
2. Body robust, short oval or ovate, femora saltatorial; head strongly vertical, 
usually longly produced ...... . ..... . ... . ............................. . Haltcini 
Body usually elongate, femora normal, head not sharply vertical. ............. 3 
3. Form antlike, sides of pronotum more or less sulcate-sinuate, or greatly 
narrowed on the apical half; usually with silvery markings composed of 
scale like deciduous hairs ... . ...................................... Pilophorini 
•New record. 
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Form not antlike, sides of pronotum not sulcate-sinuate, devoid of silvery 
markings .......................................................... Orthotylini 
TRmE HALTICINI 
Key to Genera 
1. Antennae very slender, longer than body, segment I not or scarcely reaching 
middle of clypeus, III shorter than IV; hind femora strongly incrassate ...... 2 
Antennae less slender, shorter than body, segment I surpassing middle of 
clypeus, III longer than IV; hind femora less incrassate .................... 3 
2. Head broad, vertex with margin arcuate, covering apex of pronotum; eyes 
incumbent on anterior pronotal angles; antenna! segment I not reaching 
middle of clypeus ..................................................... HaltiC'U.S 
Head much · narrower, vertex with margin straight, not covering apex of 
pronotum, eyes not incumbent on anterior pronotal angles; antenna! segment 
I reaching middle of clypeus .................................. . Ectmetopterus 
3. Body clothed with simple pubescence; pronotum broadly rounded at base; 
length of antenna! segment II not greater than width of vertex ... . Strongylocoris 
Body clothed with scalelike deciduous hairs and interspersed with straight 
suberect hairs; pronotum sinuate or truncate at base; length of antenna! seg-
ment II greater than width of vertex, usually much greater than width of 
head ........................................................... Orthocephalus 
GENUS HALTICUS HAHN 
HALTICUS MINUTUS Reuter 
1884 Halticus minutus Reuter, Ent. Tidskr., v, p. 197. 
Anhwei•: Taipingshien, Oct. 1932 (G. Liu); Kiangsu•: Nanking, Aug. 14, 
1919 (H. F. Loomis); Szechuan: Chungtu, June 24, 1938 (K. F. Chen). 
GENUS ECTMETOPTERUS REUTER 
ECTMETOPTERUS ANGUSTICEPS Reuter 
1906 Ectmetopterus angusticeps Reuter, Ann. Mus. Zool. St. Pet., x, p. 60. 
Anhwei•: Taipingshien, Oct. 1932 (G. Liu); Hopei•: Peiping, July 1932 (G. 
Liu); Kiangsu•: Nanking, 14, 1919 (H. F. Loomis); Szechuan: Chingcheng-
shan, July 1932. 
GENUS STRONGYLOCORIS BLANCHARD 
STRONGYLOCORIS LEUCOCEPHAL us (Linnaeus) 
1758 Cimex leucocephalus Linnaeus, Syst. Nat., ed. x, i, p. 446. 
Kansu. 
GENUS ORTHOCEPHALUS FIEBER 
Key to Species 
Body length 6 mm., above with silvery squamous hairs ................ . funestus 
Body not more than 5 mm., above with ochraceous squamous hairs . . beresovskii 
0RTHOCEPHALUS FUNESTUS Jakovlef 
1881 Orthocephalus funestus Jakovlef, Bul. Soc. Nat. Mose., lvi, (i), p. 159. 
Manchuria. 
ORTHOCEPHALUS BERESOVSKll Reuter 
1906 Orthocephalus beresovskii Reuter, Ann. Mus. Zoo!. St. Pet., x, p. 57. 
1906 Orthocephalus beresovskii var. fulvipes Reuter, Ann. Mus. Zool. St. Pet., x, p. 57. 
Kansu. 
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ORTHOCEPHALUS BERESOVSKII var. TIBIALIS Reuter 
1906 Orthocephalus beresovskii var. tibialis Reuter, Ann. Mus. Zool. St. Pet., x, p. 58. 
1906 Orthocephalus beresovskii var. fuscipes Reuter, Ann. Mus. Zool. St. Pet., 
x, p . 58. 
Kansu. 
TRIBE LABOPINI 
GENUS LABOPS BURMIESTER 
LABOPS NIGRIPES Reuter 
1901 Labops nigripes Reuter, bfv. Fin. Vet. Soc. Forh., xliii, p. 171. 
Mongolia. 
TRIBE ORTHOTYLINI 
Key to Genera 
1. Head constricted behind eyes; pronotum less than twice as wide as long, 
declivent anteriorly, sulcus behind calli distinct and extending over the side 
.. .. .. . . . . ... . . ... .... . . .. ... . .. ...... . ..... . . ... . . . . . . . . ... . ... . . . . . . . Cyllecoris 
Head not constricted behind eyes, pronotum twice as wide as long, subhori-
zontal, sulcus behind calli less conspicuous . . .. . . ... . . . .. .. .. ... .. .. . .. . .. . . 2 
2. Pubescence composed of scalelike hairs and interspersed with simple erect 
hairs ... .. ... ......... .. .. . . . . . . ..... . .. . ... .. .. . .. . . ...... ... . . Melanotrichus 
Pubescence normal, composed of a single type of simple hairs . . .......... . .... 3 
3. Frons convex medianly, antenna! segment II longer than III and IV taken 
together .. . .... . . . ...... . ....... .. . .. . .. . . . . .... . .. . . .. . ... ..... . ..... . Aretas 
Frons not convex, antenna! segment II shorter than III and IV taken together . .4 
4. Head transverse, when viewed from side not or scarcely projecting below 
base of head, gula oblique; sexes similar .. . . . ..... .. . . . . .. . . .. . . . . Cyrtorhinus 
Head less transverse, when viewed from side distinctly projecting below base 
of head, gula nearly perpendicular; sexes very dissimilar, female often bra-
chypterous, abdomen very broad ..... .... . ... ... .. ...... . . . .. . .... . Mecomma 
GENUS CYLLECORIS HAHN 
CYLLECORIS SORDIDUS Lindberg 
1934 Cyllecoris sordidus Lindberg, Arkiv f. Zool., 27A, No. 28, p. 40. 
Kansu. 
GENUS MECOMMA FIEBER 
MECOMMA CHINENSIS Reuter 
1906 Mecomma Chinensis Reuter, Ann. Mus. Zool. St. Pet., x, p. 63. 
Szechuan. 
GENUS MELANOTRICHUS REUTER 
Key to Species 
Body green, sprinkled yellowish, antenna! segment III shorter than segment II 
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · . .. . ... ..... . ... . . . ... .. .. . .. . .. . ... . flavosparsus 
Body uniformly yellow, antenna! segment Ill nearly as long as segment II 
. .. . . .. .... . ..... . . .. .. .... . . ..... . ... . .. . . . ....... . . . ..... .. .. . . . . . . nigropilosus 
MELANOTRICHUS FLAVOSPARSUS (Sahlberg) 
1842 Phytocoris flavosparsus Sahlberg, Acta Soc. Sci. Fenn., i, p. 411. 
Hopei*: Peiping, July 1932 (G. Liu); Kansu; Shangtung*: Tsinan, Aug. 1934. 
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MELANOTRICHUS NIGROPILOSUS (Lindberg) 
1934 Orthotylus nigropilosus Lindberg, Arkiv f. Zool., 27A, No. 28, p. 41. 
Kansu. 
GENUS CYRTORHINUS FIEBER 
Key to Species 
Pronotum uniformly black; antenna! segment II slightly shorter than segments 
III and IV taken together .. ........... . .. . .. . ..... . .... . . . ........ chinenesis 
Pronotum with calli and a longitudinal fascia fiavous; antenna! segment II 
about two-thirds the length of segments III and IV taken together .. lividipennis 
CYRTORHINUS CHINENSIS (Stal) 
1859 Capsus chinensis Stal, Freg. Eug. Resa, 1859, p. 258. 
Hongkong. 
CYRTORHINUS LIVIDIPENNIS Reuter 
1884 Cyrtorrhinus lividipennis Reuter, Ent. Tidskr. vi, p. 199. 
Anhwei*: Taipingshien, Oct. 1932 (G. Liu); Chekiang•: Hangchow, Sept. 
21, 1933; Kiangsu*: Shanghai, Sept. 21, 1936 (E. Suenson) . 
GENUS ARETAS DISTANT 
ARETAS CHINENSIS Hsiao 
1941 Aretas chinensis Hsiao, Iowa State College J our. Sci., xv, No. 3, p. 245. 
Szechuan. 
PILOPHORUS sp. 
TRIBE PILOPHORINI 
GENUS PILOPHORUS HAHN 
Szechuan*: Bei Bay, June 1932 (G. Liu). This species is very close to P. javanus 
Popp. (1914). The unique specimen at hand is in such poor condition that it is 
difficult to identify. However, it is interesting to notice that this is the first 
record of this cosmopolitan genus from China. 
GENUS FULGENTIUS DISTANT 
FULGENTIUS MANDARINUS Distant 
1904 Fulgentius mandarinus Distant, Ann. Mag. Nat. Hist., (7) , xiii, p. 104. 
Kwangtung: Namoa Islands. 
SUBFAMILY MIRINAE 
Key to Genera 
1. Scutellum distinctly punctate . . .. . ..... .. ... . .. . .... .. ..... . .. . ...... Stenodema 
Scutellum impunctate ....... . .............................. .. ..... . ........ . .. 2 
2. Head with frons inclined, eyes slightly removed from anterior angles of pro-
notum, body clothed with fine, long erect hairs .. . .. . ...... . .. .. .. . ... . Miris 
Head with frons horizontal, eyes more or less in contact with apex of pronotum, 
body nearly glabrous . . .. . .................... . ......... .. ................. 3 
3. Tibiae covered with long hairs and spinules indistinct; frons usually produced 
over base of clypeus .. . . . .... . ..... . ... . ........ . . . ...... . .. .. .... . Notostira 
Tibiae covered with short hairs and spinules distinct; frons not or slightly 
produced over base of clypeus .. . ........ .... . . .. . . ... . . . .. .. . . . Trigonotylus 
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GENUS STENODEMA LAPORTE 
Key to Species 
1. Posterior femora armed with spines near apex ............ Subgenus Brachytropis 
Posterior femora without spines ........................ 2. Subgenus Stenodema 
2. Frons distinctly produced into a lobe over base of clypeus ..................... 3 
Frons not produced over base of clypeus ..................................... 6 
3. Posterior legs with femora strongly constricted at apex and tibiae distinctly 
curvate at base ........................................................ virens 
Posterior legs with femora not or very slightly constricted at apex and tibiae 
straight or nearly so ..................................................... .4 
4. Pronotum densely punctate, hairs on antenna! segment I as long as the 
thickness of segment ....................................................... 5 
Pronotum remotely punctate, hairs on antenna! segment I shorter than the 
thickness of segment .................................................. elegans 
5. Antenna! segment I three times as long as width of vertex ......... . rubrinerve 
Antenna! segment I twice as long as width of vertex ................... . alpestra 
6. Posterior legs with femora strongly constricted at apex, tibiae distinctly 
curvate at base ..................................................... laevigatum 
Posterior femora not constricted at apex, posterior tibiae straight ........... 7 
7. Body narrow, above principally greenish, antenna! segment II longer than 
segments III and IV taken together ................................ plebejum 
Body wider, above principally fuscous, antenna! segment II shorter than 
segments III and IV taken together ................................. chinensis 
STENODEMA VIBENS (Linnaeus) 
1767 Cimex virens Linnaeus, Syst. Nat., ed. xii, i, p. 730. 
Mongolia. 
STENODEMA VIRENS var. TESTACEUM (Reuter) 
1875 Miris virens var. testaceus Reuter, Rev. Crit. Caps., ii, p. 3. 
Mongolia. 
STENODEMA ALPESTRE Reuter 
1904 Stendomea alpestre Reuter, C>fv. Fin. Vet. Soc. Forh., xlvi, No. 15, p. 13. 
Anhwei*: Taipingshien, Oct. 1932 (G. Liu); Szechuan: Beh Luh Din, alt. 6,000 
ft., Aug. 2, 1933 (G. D. Graham); Mu Sang Tsai, alt. 8,500-10,000 ft., July 
26, 1933 (D. C. Graham); Muping, alt. 4,000-7,000 ft., July 1, 1929 (D. C. 
Graham); Ching Cheng Shien, July 1932 (G. Liu). 
STENODEMA ELEGANS Reuter 
1904 Stenodema elegans Reuter, C>fv. Fin. Vet. Soc. Forh., xlvi, No. 15, p. 14. 
Szechuan. 
STENODEMA RUBRINERVE Horvath 
1905 Stenodema rubrinerve Horvath, Ann. Mus. Nat. Hung., iii, p. 417. 
Szechuan*; Mt. Omei, alt. 6,000-7,500 ft., Aug. 2-7, 1921 (D. C. Graham). 
STENODEMA LAEVIGATUM (Linnaeus) 
1758 Cimex laevigatum Linnaeus, Syst. Nat., ed. x, i, p. 449. 
Kansu. 
STENODEMA PLEBEJUM Reuter . 
1904 Stenodema plebejum Reuter, C>fv. Fin. Vet. Soc. Forh., xlvi, No. 15, p. 17. 
Sikang; Tibet*: Tang Gu, alt. 13,000-14,000 ft., Aug. 3-6, 19, 1930 (D. C. Graham). 
STENODEMA CHINENSE Reuter 
1904 Stenodema chinense Reuter, C>fv. Fin. Vet. Soc. Forh., xlvi, No. 15, p. 19. 
Szechuan. 
GENUS NOTOSTIRA FIEBER 
NOTOSTIBA POPPIUSI Kiritshenko 
Lindberg (1934) recorded this species from Tien Shan, Fu-shu-shi, and north-
• New record. 
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eastern Szechuan but failed to give any citation of reference. The present writer 
has been unable to locate Kiritshenko's description either from Zoological Record 
or from other sources. Reuter (1911) mentioned that some specimens were sent 
to him with the name N. poppiusi by Kiritshenko, collected from Turkestan. They 
are similar to N. erractica in color pattern but differ by their pure green ground 
color, longer antenna and legs, and longer and erect pubescence. The hairs on 
the first antenna! segment of the females are longer and thicker as is the case with 
N. caucasica. However, Reuter reserved his definite opinion about their specific 
rank and claimed it as at least a distinct subspecies of N. caucasica. 
GENUS MIRIS F ABRICIUS 
Mm1s? FERRUGATUS Fallen 
1807 Miris ferrugatus Fallen, Mon. Cim. Suec., p. 109. 
A single specimen was collected by D. C. Graham from Chung-Ku, Szechuan•, 
alt. 11,000 ft., July 1937. It is very similar to Fallen's species but with antennae 
and legs much less densely hairy and antennae also much more slender. It might 
be an unknown species, but the specimen was crushed so badly that no complete 
description could be made from it. 
GENUS TRIGONOTYLUS FIESER 
TRIGONOTYLUS RUFICORNIS (Geoffroy) 
1785 Cimex ruficornis Geoffroy, in Fourcroy, Ent. Paris., p. 209. 
1902 Megaloceraea coelestialium Kirkaldy, Trans. Ent. Soc. Lond., 1902, p. 266. 
Hopei*: Peiping, July 1932 (G. Liu); Kansu; Kiangsu: Nanking; Liaoning*: 
Mukden, July 1931 (G. Liu); Shangtung•: Tsinan, Aug. 24, 1934; Szechuan. 
SUBFAMILY CAPSINAE 
Key to Genera 
l. Hemelytra transparent, claws dentate at base ... ... . . ................... . Isabel 
Hemelytra normal, claws not dentate at base ................................. 2 
2. Body above and below clothed with sericeous, tomentose pubescence .......... 3 
Body not or only above clothed with sericeous, tomentose pubescence ......... 6 
3. Body strongly convex, usually coarsely punctate, collar of pronotum thick .... .4 
Body not convex or slightly convex, collar slender .................. Polymerus 
4. Antenna! segment I usually compressed, II strongly incrassate at apex 
......... .... . ... ....... ... ........... . .. ....... ............. . ........ Eurystylus 
Antenna! segment I normal, II linear or nearly so .... . ...... . . ................ 5 
5. Head short, vertical; posterior tarsal segments I and II subequal in length 
................................................................... Charagochilus 
Head strongly produced before eyes, inclined; posterior tarsal segment I dis-
tinctly shorter than II .. .. . . ...... ..... ...... ... ...... ......... Proboscidocoris 
6. Head, pronotum and scutellum clothed with very long hairs, often forming 
tufts on pronotum ..... . . .. ...... ..... .... .............. . ....... .. Tinginotum 
Body not clothed with long hairs .............................................. 7 
7. Pronotum punctate or punctulate .. .... ......... . .. .. ........ .. ..... .......... 8 
Pronotum impunctate or only with fine aciculate punctures ................... 13 
8. Vertex immarginate or only very obsoletely marginate at each side .......... 9 
Vertex marginate, sometimes slender at the middle .......................... 10 
9. Body above glabrous, pronotum sparsely punctulate, antenna! segment II 
robust ......... .. ... ...... ............ .. .............. . ............ . Liistonotus 
Body above pubescent, pronotum strongly punctate, antenna! segment II 
linear .......................................................... Cyphodemidea 
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10. Posterior tarsal segment I as long as II and III taken together .. .. Alloeotomus 
Posterior tarsal segment I as long as or shorter than II ..... .. .. . . . .......... 11 
11. Posterior tarsal segment II distinctly longer than I, as long as or almost longer 
than III . .. .... . .... .. ... . .... . ....... . .. .... ....... ... . . ...... . .... . ...... 12 
Posterior tarsal segment II not or scarcely longer than I, shorter than III 
. ... .... . . . . . ........ .. . . ................ . . . . . .. .. ..... ... . . ............ . Lygidea 
12. Genae high, antenna! segment II incrassate at apex ........... . . .. . Liocoridea 
Genae low, antenna! segment II not or rarely incrassate at apex .. . ... . . Lygus 
13. Posterior femora long, generally surpassing apex of abdomen; antenna! segment 
I as long as or longer than (very rarely shorter) pronotum . .. . . . . . .... ... . 14 
Posterior femora shorter, not or rarely surpassing apex of abdomen; antenna! 
segment I distinctly shorter than or rarely as long as pronotum . . . ......... 15 
14. Posterior femora subcylindrical, only more slender at extreme apex; antenna! 
segment I devoid of rigid hairs .. . ...... ... . ....... .. .... . ... .... . Phytocoridea 
Posterior femora flattened, broadest before middle and tapering towards apex; 
antenna! segment I provided with rigid hairs ...... . ..... . ......... Phytocoris 
15. Vertex and frons subhorizontal, gula horizontal; posterior tarsal segments I and 
II equal in length . . . ..... .. . .. . . ... . . .. ... ... . . . ..... . .. . ...... . . . .......... 16 
Head vertical or inclining, gula oblique; posterior tarsal segment II longer 
than I .. . .. . ... . . .. . .... . . ... .. . .... . . . .......... ... . . ...... . ..... .. . . ... . . 17 
16. Frons subhorizontally produced into a lobe above the clypeus; antenna! segment 
II incrassate . . .. .. .... . .... . . . . .. .... . .. .. . ..... .. ... . . . . .. . ....... . Pantilius 
Frons declivent anteriorly; antenna! segment II cylindrical ... ... . . Parapantilius 
17. Antenna! segments III and IV distinctly thinner than II ..................... 18 
Antenna! segments III and IV not or very little thinner than II. ............. 19 
18. Head vertical, distinctly transverse as seen from above, scutellum exposed at 
base ..... . .. . ..... .. .. . . . . . . . .. . ........ . ......... . . . ... . ...... M ermitelocoris 
Head inclining, rarely slightly shorter than wide; scutellum at least narrowly 
covered at base ............ . ........... .. ...... .. ... . . . ... . ... . . . .. . Calocoris 
19. Lateral margins of pronotum distinctly acute, body above nearly glabrous 
......... . ......... .. .. .. .... . ...... . ... . .. .. . . . ..... .. . ... .. ..... Philostephanus 
Lateral margins of pronotum rounded, body above pubescent . . ..... . ........ 20 
20. Clypeus seen from the side very prominent, antenna! segment I distinctly 
longer than head . .. ... . . . . . . ............. . . . ...... . ... . ....... . .. Creontiades 
Clypeus seen from the side not prominent, antenna! segment I usually as long 
as or shorter than head .. . .. .. . . . .. .. . .......... .. ....... . . . . .. . .. .. ... ... . 21 
21. Pronotum and scutellum strongly convex, calli not distinguished, collar with 
erect rigid setae ... .. . ... ....... .. ...... . . . ....... . ... . . . . . . Trichophoroncus 
Pronotum and scutellum not or slightly convex, calli distinct, collar without 
erect rigid setae . . .... . .. ...... . . . . . . ..... ..... . .. .. .. ......... . Adelphocoris 
GENUS ISABEL KIRK. 
ISABEL RAVANA (Kirby) 
1891 Capsus ravana Kirby, J. Linn. Soc. Zool., xxiv, p . 106. 
Anhwei*: Taipingshien, Oct. 1932 (G. Liu). 
GENUS PANTILIUS CURTIS 
p ANTILIUS GONOCEROIDES Reuter 
1903 Pantilius gonoceroides Reuter, ofv. Fin. Vet. Soc. Forh., xlv, No. 16, p. 4. 
Szechuan. 
GENUS p ARAP ANTILIUS REUTER 
PANTILIUS GONOCCROIDES Reuter 
1903 Parapantilius thibetanus Reuter, 6fv. Fin. Vet. Soc. Forh., xlv, No. 16, p. 6, 
t. 2, f. 2. 
Szechuan. 
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GENUS ALLOEOTOMUS FIEBER 
ALLOEOTOMUS CHINENSIS Reuter 
1903 Alloeotomus chinensis Reuter, t>fv. Fin. Vet. Soc. Forh., xlv, No. 6, p. 20. 
Hopei. 
GENUS LIISTONOTUS REUTER 
LIISTONOTUS XANTHOMELAS Reuter 
1906 Liistonotus xanthomelas Reuter, Ann. Mus. Zool. St. Pet., x, p. 55. 
Kansu. 
GENUS LIOCORIDEA REUTER 
Key to Species 
Antenna! segment II shorter than width of pronotum at base, strongly incrassate 
apically; spinules on tibiae black .............. . ............ .. ... . . . mutabilis 
Antenna! segment II about as long as width of pronotum at base, linear; 
spinules on tibiae pale ........... . ..... . ............ . ......... . . Melanostoma 
LIOCORIDEA MUTABILIS Reuter 
1903 Liocoridea mutabilis Reuter, Ofv. Fin. Vet. Soc. Forh., xlv, No. 16, p. 14, t . 2, 
f. 4. 
Szechuan. 
LIOCORlDEA MUTABILIS var. NIGRA Reuter 
1903 Liocoridea mutabilis var. nigra Reuter, t>fv. Fin. Vet. Soc. Forh., xlv, No. 16, 
p. 15. 
Szechuan. 
LIOCORIDEA MUTABILIS var. TESTACEA Reuter 
1903 Liocoridea mutabilis var. testacea Reuter, ofv. Fin. Vet. Soc. Forh., xlv, No. 16, 
p. 15. 
Szechuan. 
LIOCORIDEA MELANOSTOMA Reuter 
1906 Liocoridea melan.ostoma Reuter, Ann. Mus. Zool. St. Pet., x, p. 53. 
Szechuan. 
GENUS . CYPHODEMIDEA REUTER 
CYPHODEMIDEA VARIEGATA Reuter 
1903 Cyphodemidea variegata Reuter, ofv. Fin. Vet. Soc. Forh., xlv, No. 16, p. 19, t. 2, 
f. 5. 
Szechuan. 
GENUS L YGIDEA REUTER 
LYGIDEA ILLOTA (Stal) 
1858 Deraeocoris illotus Stal, Stett. Ent. Zeit., 1858, p. 184. 
Mongolia. 
GENUS PHILOSTEPHANUS DISTANT 
PmLOSTEPHANUS VITALITER Distant 
1909 Philostephanus vitaliter Distant, Ann. Mag. Nat. Hist., (8), vi, p. 449. 
Szechuan•: Mt. Omei, Sept. 21, 1938 (K. F. Chen); Aug. 19, 1934 (D. C. Graham). 
•New record 
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GENUS ADELPHOCORIS REUTER 
Key to Species 
1. Body above clothed with black hairs . .... ..... . . .... . . .......... ... ... . . . .. .. . 2 
Body above without black hairs ... . ...................... .. .. . . . .. . .. . . ..... . . 7 
2. Body above uniformly bluish green, beneath uniformly greenish . .. .. . . . glaucus 
Body above otherwise colored, with more or less dark markings, beneath dark 
or pale .... . . .. .. .. ......... . .. . . . ... . . . ... . . . . . .... .. . .. . . ... . ............. 3 
3. Body beneath chiefly black, opaque, only with margin of acetabulum and 
ostiolar peritreme white; scutellum black, with apex testaceous and a median 
line fuscous .. .. . . . .... . ...... . ......... . ........ . .... . ..... . . . ..... torquatus 
Body beneath not black, scutellum nearly unicolorous ...... . .... . ..... . .. ... .4 
4. Antennal segment II in length equal to width of pronotum at base, segment I much 
shorter than head ........ . . . .............. . ... . ............... . .... . divergens 
Antennal segment II in length distinctly greater than width of pronotum at 
base, segment I about as long as head ...................................... 5 
5. Head more than half as wide as pronotum at base, rostrum reaching apex 
of intermediate coxae .. . . .. . .. . . ... . . . ... ..... ..... . ....... . .. . .. . ... f asciiger 
Head less than half as wide as pronotum at base, rostrum reaching apex of 
posterior coxae, rarely only reaching apex of intermediate coxae (d' of 
quadripunctatus), in this case pronotum with four black spots . . . . ... . .... . .... 6 
6. Dorsal surface of abdomen pale, fusco-fasciated; body beneath unicolorously 
flavous, veins on membrane yellowish ............... . .......... quadripunctatus 
Dorsal surface of abdomen black, venter usually blackish at middle, veins on 
membrane blackish . . . ........... ... . . . . ...... . . . .... ...... .. . . . . annulicorni.s 
7. Head black . . ... .. .... . ...... . .......................... . ........... , ......... 8 
Head yellowish or ferruginous, rarely with clypeus black ... . .. . . . . . .......... 13 
8. Pronotum chiefly pale yellow, with black spots or band posteriorly . .... .... .. . 9 
Pronotum blackish or only with posterior margin pale . . .. . ..... . . . .... .... . . 10 
9. Body 9-11 mm. long, scutellum black with apex yellow, legs reddish brown, 
femora darker than tibiae ................ . ..... . .... . ............. transversus 
Body less than 9 mm. long, scutellum yellowish with basal margin black, 
legs grayish yellow, femora conspurcated ferruginous .......... melanocephalus 
10. Body above clothed with silvery pubescence; scutellum with apex white 
.. .. . . ......... . ..... . .. . . . ..... .. . . . ... ..... . .... . ........ . ...... . .... . . apicalis 
Body above clothed with golden pubescence; scutellum unicolorous .... . ... . . .. 11 
11. Antennal segment I shorter than head, II about three times as long as I 
. . .. .. . ......... . ..... . .... . ... .. . . . . . . . ... .... .... .. . . .. ...... . ... . .. . seticornis 
Antennal segment I about as long as the head, II less than three times as long 
as I .. . . ... . .... ... ...... ... .. . .... . ...... . .. . . ... ..... . ..... ... . . . . . ... ... 12 
12. Antennal segment II as long as width of pronotum at base, segment III about 
three-fourths as long as II .. . ....... . ... . . . .......... . ... .. . . . . . triannulatus 
Antennal segment II longer than width of pronotum at base, segment III about 
five-sixths as long as II. .. . .... . . . ......... . . . .. .. .. . ........ . .... . .. . funestus 
13. Antennal segment I much shorter than head ........... . .... . .. .. ... . luridus 
Antennal segment I nearly as long as or a little longer than head .. .... . .... . 14 
14. Head ferruginous, clypeus black; antennae unicolorously ferruginous 
........ . .. .. . .. .. ..... ... . . ... . . . . ... . .... .... ... . ... . ... ticinensis var. suturalis 
Head unicolorously pale yellow, antennae pallid, ferruginous or fuscous towards 
apex ... . ......... . . . ............... .. ................... .. ......... . ....... 15 
15. Antennal segment III as long as width of pronotum at base ......... taeniophorus 
a. Pronotum with basal band, hemelytra with a cuneus-shaped area behind 
middle of corium, and apex of cuneus black .. . .... . typical taeniophorus 
b. Pronotum with basal band distinct, scutellum and hemelytra pallid, innotate, 
only apex of cuneus black .... . ........... . ............ var. impictipennis 
c. Pronotum without basal band, hemelytra marked as in typical species 
.... . ... . .. . .. .. .... . . . ...... ...... ... . .... ... . .. .. . .. .. . . . var. defectus Reut. 
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d. Above entirely pallid, innotate, only apex of cune\IS black ..... var. pallidu.s 
Antenna! segment III shorter than width of pronotum at base .............. 16 
16. Hemelytra with lateral margins concolorous; antenna! segments III and IV 
ferruginous or fuscous, distinctly pale flavous at base ......... . fasciaticollis 
Hemelytra with lateral margins distinctly black; antenna! segments III and IV 
unicolorous ......................................................... lineolatu.s 
a. Above unicolorous or only with cubital vein or corium infuscated apically 
............................................................. var. implagiatus 
b. Scutellum with two longitudinal marks on middle blackish .. typical lineolatu.s 
c. Scutellum marked as the typical species, pronotum with two round spots 
posteriorly blackish ........................................ var. binotatu.s 
d. Like var. binotatu.s, but calli and sometimes posterior angles of pronotum 
blackish ............................................. var. bisbipunctatus 
ADELPHOCORIS SETICORNIS (Fabricius) 
1775 Cimex seticornis Fabricius, Syst. Ent., p. 725. 
Anhwei•: Taipingshien, Oct. 1932; Kiuhua Shan, Sept. 1932 (G. Liu); Szechuan: 
Kuanshien, 2,000 ft., Nov. 20, 1933; Tseo Jia Geo, Sept. 2, 3, 1929; Weichow, 
5,500-7,000 ft., 1923 (D. C. Graham); Chengtu, May and Sept. 27, 1938 
(K. F. Chen). 
ADELPHOCORIS TORQUATUS Reuter 
1906 Adelphocoris torquatus Reuter, Ann. Mus. Zoo!. St. Pet., x, p. 12. 
Sikang: Ta-tsien-lu; Szechuan•: Mt. Omei, Sept. 19, 1938 (C. S. Tsi). 
ADELPHOCORIS APICALIS Reuter 
1906 Adelphocoris apicalis Reuter, Ann. Mus. Zoo!. St. Pet., x, p. 13. 
Szechuan. 
ADELPHOCORIS FUNESTUS Reuter 
1903 Adelphocoris funestu.s Reuter, Ofv. Fin. Vet. Soc. Forh., xlv, No. 16, p. 7. 
Szechuan: Mou-Pin, 4,000-7,000 ft., Aug. 25, 1929; Yachow to Muping, June 
23, 1929, 2,000-5,000 ft.; Behluh Din Sept. 20-28, 1934, 6,000 ft. (D. C. Graham). 
ADELPHOCORIS FUNESTUS var. RUFIPES Reuter 
1906 Adelphocoris funestus var. rufipes Reuter, Ann. Mus. Zoo!. St. Pet., x, p. 11. 
Szechuan. 
Al>ELPHOCORIS TRIANNULATUS (Stal) 
1858 Deraeocoris triannula.tu.s Stal, Stett. Ent. Zeit., xix, p. 183. 
Kansu. 
ADELPHOCORIS DIVERGENS Reuter 
1906 Adelphocoris divergens Reuter, Ann. Mus. Zool. St. Pet., x, p. 13. 
Szechuan. 
ADELPHOCORIS LURIDUS Reuter 
1906 Adelphocoris luridu.s Reuter, Ann. Mus. Zool. St. Pet., x, p. 14. 
Szechuan. 
ADELPHOCORIS LURIDUS var. CINCTICORNIS Reuter 
1906 Adelphocoris luridu.s var. cincticornis Reuter, Ann. Mus. Zool. St. Pet., x, p. 15. 
Hopei, Szechuan. 
ADELPHOCORIS TICINENSIS var. SUTURALIS (Jakovlef) 
1882 Calocoris suturalis Jakovlef, Horae Soc. Ent. Ross., xiii, p. 169. 
Szechuan. 
ADELPHOCORIS FASCUGER Reuter 
1906 Adelphocoris fasciiger Reuter, Ann. Mus. Zool. St. Pet., x, p. 17. 
Szechuan: Weichow, 5,500 ft., 1933. 
ADELPHOCORIS TAENIOPHORUS Reuter 
1906 Adelphocoris taeniophoru.s Reuter, Ann. Mus. Zool. St. Pet., x, p. 18. 
Szechuan. 
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ADELPHOCORIS TAENIOPHORUS var. IMPICTIPENNIS Reuter 
1906 Adelphocoris taeniophorus var. impictipennis Reuter, Ann. Mus. Zool. St. Pet., 
x, p. 18. 
Szechuan. 
ADELPHOCORIS TAENIOPHORUS var. DEFECTUS Reuter 
1906 Adelphocoris taeniophorus var. defectus Reuter, Ann. Mus. Zool. St. Pet., x, 
p. 19. 
Szechuan. 
ADELPHOCORIS TAENIOPHORUS var. PALLIDUS Reuter 
1906 Adelphocoris taeniophorus var. pallida Reuter, Ann. Mus. Zool. St. Pet., x, p. 19. 
Szechuan. 
ADELPHOCORIS LINEOLATUS (Goeze) 
1778 Cimex lineolatus Goeze, Ent. Beytr., ii, p. 267. 
Anhwei*: Kiuhua Shan, April 1932 (G. Liu); Hupei* : Hanchow, Sept. 17, 1923; 
Kansu; Kiangsu*: Shanghai, Aug.-Oct. 1936 (E. Suenson); Mongolia; Shang-
tung• : Tsinan, July 23, 1934; Szechuan: Bu Lan Tsen, alt. 8,500--9,000 ft., 
July 31-Aug. 2, 1933, Yachow, Aug. 1928, Weichow, alt. 5,800 ft., Aug. 1933, 
Shinkaisi, Mt. Omei, alt. 4,000--6,000 ft., Aug. 7, 1929, Kuanshien, Aug. 1-2, 
1934, Kiating, alt. 1,300 ft., Aug. 12, 1929, Wen Chuan-Shien, alt. 5,000-7,500 
ft ., Aug. 24, 1933, Muping, 4,000-7,000 ft., July 1929, 0-Er, 6,000 ft., Aug. 
26, 1933, (D. C. Graham), Chengtu, Aug. 2, 1938 (K. F. Chen), Ching-
chengshien, July 1932 (G. Liu) . 
ADELPHOCORIS LINEOLATUS var. IMPLAGIATUS (Westhoff) 
1880 Calocoris chenopodii var. implagiata Westhoff, 9 Jahresb. Schles. Vers. Wiss. 
u . Kunst., p. 74. 
Szechuan. 
ADELPHOCORIS LINEOLATUS var. BINOTATUS (Hahn) 
1833 Phytocoris binotatus Hahn, Wanz. Ins., i, p . 202, f. 103. 
Szechuan. 
ADELPHOCORIS LINEOLATUS var. BISBIPUNCTATUS (Reuter) 
1891 Calocoris lineolatus var. bisbipunctatus Reuter, Ofv. Fin. Vet. Soc. Forh., 
xxxiii, p . 189. 
Mongolia; Szechuan. 
ADELPHOCORIS ANNULICORNIS (Sahlberg) 
1848 Capsus annulicornis Sahlberg, Mon. Geoc. Fenn., p. 100. 
Mongolia. 
ADELPHOCORIS ANNULICORNIS var. CONFLUENS Reuter 
1896 Adelphocoris annulicornis var. confluens Reuter, Hem. Gym. Eur., v, p. 226. 
Mongolia. 
ADELPHOCORIS QUADRIPUNCTATUS (Fabricius) 
1794 Lygeus quadripunctatus Fabricius, Ent. Syst., iv, p. 172. 
Anhwei* : Taipingshien, Oct. 1932 (G. Liu); Szechuan: Mu-Sang-Tsai, alt. 
8,900-10,000 ft., July 26, 1933, Weichow, alt. 5,500 ft., 1933 (D. C. Graham). 
ADELPHOCORIS QUADRIPUNCTATUS var. INNOTATUS Reuter 
1906 Adelphocoris quadripunctatus var. innotata Reuter, Ann. Mus. Zool. St. Pet., 
x, p . 20. 
Szechuan. 
ADELPHOCORIS QUADRIPUNCTATUS var. SCUTELLARIS Reuter 
1906 Adelphocoris quadripunctatus var. scutellaris Reuter, Ann. Mus. Zool. St. Pet., 
x, p. 21. 
Szechuan. 
ADELPHOCORIS FASCIATICOLLIS Reuter 
1903 Adelphocoris fasciaticollis Reuter, ofv. Fin. Vet. Soc. Forh., xlv, No. 16, p. 8. 
Hopei: Peiping, July 1932 (G. Liu); Kiangsi; Shangtung•: Tsinan, July 23, 
1934; Szechuan* : Chengtu, Oct. 1924. 
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.ADELPHOCORIS GLAUCUS Hsiao 
1941 Adelphocoris glaucus Hsiao, Iowa State College Jour. Sci., xv, No. 3, p . 248. 
Szechuan. 
ADELPHOCORIS MELANOCEPHALUS Reuter 
1903 Adelphocoris melanocephalus Reuter, ()fv. Fin. Vet. Soc. Forh., xlv, No. 16, p. 9. 
Hopei. 
.ADELPHOCORIS TRANSVERSUS Lindberg 
1934 Adelphocoris transversus Lindberg, Arkiv £. Zool., 27 A, No. 28, p. 35, t. 4, f. 3. 
Kansu. 
GENUS CREONTIADES DISTANT 
CREONTIADES PICEUS (Reuter) 
1906 Pantiliodes piceus Reuter, Ann. Mus. Zool. St. Pet., x, p. 7. 
Szechuan. 
CREONTIADES PALLIDIFER (Walker) 
1873 Capsus stramineus Walker, Cat. Hem. Het., vi, p . 120. 
1873 Capsus pallidifer Walker, Cat. Hem. Het., vi, p. 199. 
Yunan. 
GENUS CALOCORIS FIEBER 
CALOCORIS MARMORATUS Lindberg 
1934 Calocoris marmoratus Lindberg, Arkiv f. Zool., 27 A, No. 28, p. 36, t. 4, f. 4. 
Kansu. 
GENUS MERMITELOCERUS REUTER 
MERMITELOCERUS ANNULIPES Reuter 
1908 Mermitelocerus annulipes Reuter, Ann. Mus. Zool. St. Pet., xii, p. 490. 
Manchuria. 
GENUS TRICHOPHORONCUS REUTER 
TRICHOPHORONCUS ALBONOTATUS (Jakovlef) 
1881 Calocoris albonotatus Jakovlef, Bul. S. N. Mose., i, p . 194. 
Anhwei*: Taipingshien, Oct. 1932 (G. Liu); Kiangsi; Szechuan. 
GENUS L YGUS HAHN 
Key to Species 
1. Vertex posteriorly immarginate or only laterally obsoletely marginate, spinules 
on tibiae pale . . .... .. . . . . ... . ........ . ..... .. .. .. . . .... .. . .... . . .. .. .. . .... . . 2 
Vertex posteriorly carinate or slenderly marginate, rarely immarginate but in 
such case the spinules on tibiae dark . .. ... . . . .. . . . . . . . . . . .................. .4 
2. Body more than 5.5 mm. long, scutellum concolorous with pronotum ....... . . . 3 
Body small, length 3 mm., scutellum black . . . . ............... . ... . . . .. minutus 
3. Antenna! segment I and base of II without fuscous, rostrum reaching apex of 
posterior coxae, femora without fuscous rings . . .. . . . . ... ... ........ pabulinus 
a . Pronotum distinctly rugose-punctate, tibiae concolorous, only tarsi at apex 
or entirely fuscous . . ... ..... .. . ............... . .... . ... typical pabulinus 
b. Pronotum finely and obsoletely punctulate, tibiae at apex and tarsi entirely 
fuscous ..... . ........... . ......... . . . . . .............. . ........ var. chloris 
Antenna! segment I on underside and II at base black, posterior femora sub-
apically fuscous or ferruginous, rostrum not surpassing apex of intermediate 
coxae . . . .... . .. ..... . . . ... . .. . ... .... .. .. ................. . . . ... . .. striicornis 
a. Scutellum and legs concolorous with body, posterior femora with two sub-
apical rings fuscous or fusco-ferruginous . ... ... . . . . . . .. typical striicornis 
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b. Scutellum fusco-ferruginous, femora quite widely reddish ferruginous at 
apex, rings scarcely distinct . . ....... .. ... . ..... . .. . .. var. fuscoscutellatus 
4. Antenna! segment II in length not greater than three-fourths the width of 
pronotum at base . . ....... .. .. . ...... .. ... . . .. .......... .. ..... . ... . . . .. . ... 16 
Antenna! segment II in length greater than three-fourths the width of 
pronotum . . .. . . ....... . . ..... ........ . . . .. . .......... . ......... . .... . ...... . 5 
5. Rostrum reaching apex of posterior coxae, rarely shorter, but in this case 
antenna! segment II two and one-half times as long as I. .... . . . . . .. . ....... 6 
Rostrum only reaching apex of intermediate coxae, antenna! segment II about 
three times as long as I. ........... . ... . . . .. . . . . . . .. . . . . . . ... . .............. 11 
6. Body large, length more than 7.5 mm., antenna! segment II at least one-sixth 
longer than width of pronotum at base ... . . . ...... . ... ... . . ....... .. ...... . 7 
Body smaller, length less than 5 mm., antenna! segment II not or slightly 
longer than width of pronotum at base . . ................ .. ........ .. ..... . . . 8 
7. Vertex as wide as eye, pronotum and scutellum opaque, antenna! segment II 
about three times as long as I. ................................... rugosicollis 
Vertex wider than eye, pronotum and scutellum shining, antenna! segment II 
less than three times as long as I. ............... . ................ . longipennis 
8. Body principally black or with head and anterior part of pronotum reddish 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . szechuanensis 
a. Body uniformly dark ...... . .. .. ................ . ... . . . typical szechuanensis 
b. Head, pronotum anteriorly, antennae, rostrum and anterior pair of legs 
reddish ........... . .......... .. . . . . . . ... . .. . ............. var. ruficephalus 
Body chiefly testaceous or flavous .............................................. 9 
9. Spinules on tibiae robust, black, with large dark spots at base; antenna! segment 
II as long as or slightly shorter than III and IV taken together ..... . adustus 
a. Body less than 5 mm. long, exterior margin of corium concolorous or very 
slenderly black . .. . ... .. ... . ... . .. .. .. . . .. . . . . . . .......... . var. pulchellus 
b. Body more than 5 mm. long, exterior margin of corium widely black 
..... . .. . ...... .. ........ . ...... . .. . ............... . .... . . . . . . var. nigrocinctus 
Spinules on tibiae slender, without dark spots at base; antenna! segment II 
longer than III and IV taken together . . . ........ .. ........ . ... . ... . ....... 10 
10. Vertex at each side near eyes and with posterior margin, pronotum with calli 
and posterior angles black, embolar margins unicolorously pale ... . lindbergi 
Vertex and pronotum innotate, embolar margins narrowly black or fuscous 
.. . . . ... . .......... . ..... . ... . .. . .. ... ....... . .... . . . ..... . .. . ... . . . . cervinus 
11. Body chiefly fuscous or blackish .. ... . . ... . ... . . . . . ... . .............. . .. . .... 15 
Body greenish or yellowish .. . .... .. . . . . . . . . .......... . ........ . . . . . . . ...... 12 
12. Body length 7.2 mm., clothed with long pubescence; head, scutellum and 
hemelytra marked sanguineous ... ... . ..... . . . . . ..... . ... . . . .. . potanini Reuter 
Body length less than 6.5 mm., clothed with short pubescence; head, scutellum 
and hemelytra without sanguineous markings ......... . ............... . ... 13 
13. Spinules on tibiae with black spots at base . . . . .. ..... . ...... nigronasutus Stal 
Spinules on tibiae without black spots at base . . . . .. . ... . ...... . . . . . . . ....... 14 
14. Apex of cuneus black .... .. . . . . .. . .... . .... . ... ... . . .. . . . ... . . . .. . . . . . . spinolae 
Apex of cuneus concolorous . . . .... . . ...... .... . . . ... ........ .. . .... .. . lucorum 
15. Hemelytra densely clothed with long golden pubescence; spinules on tibiae 
black, with dark spots at base ...... . . ... ........ . .. . .... . ...... . . dasypterus 
Hemelytra clothed with grayish or silvery pubescence, spinules on tibiae without 
dark spots at base .... ... .. . ...... . . ... ... . . . .. . .... . . . ...... . .. distinguendus 
a. Width of head equal to half of width of pronotum at base; body 5 mm. 
long .. . .. . . . ................. . ... . .... . ........... . . typical distinguendus 
b. Width of head equal to two-fifths of width of pronotum at base, pronotum 
more dilatate, body 7 mm. long . .. . . . . . ............... . .. var. duplicatus 
16. Antenna! segment II strongly incrassate, rostrum reaching apex of posterior 
coxae . . ... . . . . .... . . . ..... . . . .. .. . . ... ........ . ...... ........... . . ... .. . ... 17 
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Antenna! segment II not or slightly incrassate, rostrum not reaching apex of 
posterior coxae or rarely so . ... .• ......... . . .... . .. .................. . ... . . 18 
17. Antenna! segment II strongly incrassate at apical half, apical two-fifths black; 
spinules on tibiae fuscous ..... .. . . ................. . .... . ...... . .. cla.vicornis 
Antenna! segment II strongly incrassate with whole length, black, with a pale 
ring at basal fourth; spinules on tibiae testaceous .. . ... ... .. .. ..... validicCYrnis 
18. Embolar margin cqncolorous with hemelytra, never black .. . .... . ..... . ..... 19 
Embolar margin narrowly black . .. ... ...... . ...... . ...... . ... . ............. 20 
19. Antenna! segment II longer than width of head, scutellum with three longi-
tudinal lines black . .......... . .... . .. . ... . ............. . . ... ..... trivittulatus 
Antenna! segment II as long as or shorter than width of head, scutellum with 
an obsolete median longitudinal pale line ........ . ..... . ......... . rubicundus 
20. Spinules on anterior tibiae barely distinguished, those on intermediate and 
posterior tibiae pale, rarely dark, in such case rostrum not reaching apex of 
intermediate coxae ... . ...... . ... . .............. . .. . ... .. .. . .. . ...... ; ....... 21 
Spinules on tibiae distinct and dark, rostrum reaching apex of intermediate 
coxae in female or reaching apex of posterior coxae in male ...... . . pratensis 
21. Spinules on tibiae dark, antenna! segment II at last one-fifth longer than 
width of head ......... . .. .. ..... . ........... . .............. . ........... kalm.ii 
Spinules on tibiae pale, antenna! segment II not or slightly longer than 
width of head ......... . .. . ............... .. .. . ..... . .. . ......... .. . .. ..... 22 
22. Body above pale grayish ochraceous, pubescence pale, antenna! segment II as 
long as half the width of pronotum at base .. . ...................... . .... mutans 
Body above black, pubescence yellowish, antenna! segment II more than half 
as long as width of pronotum at base .............................. . bia.nchii 
LYGUS PABULINUS (Linnaeus) 
1761 Cimex pabulinus Linnaeus, Fauna Suec., ed. 2, p. 253. 
Szechuan. 
LYGUS STRIICORNIS Reuter 
1906 Lygus striicornis Reuter, Ann. Mus. Zool. St. Pet., x, p. 31. 
Szechuan. 
LYGUS STRIICORNIS var. FUSCOSCUTELLATUS Reuter 
1906 Lygus striicornis var. fuscoscutellatus Reuter, Ann. Mus. Zool. St. Pet., x, p. 32. 
Sikang; Szechuan. 
LYGUS MINUTUS Hsiao 
1941 Lygus minutus Hsiao, Iowa State College Jour. Sci., xv, No. 3, p. 245. 
Szechuan. 
LYGUS RUGOSICOLLIS Reuter 
1906 Lygus rugosicollis Reuter, Ann. Mus. Zool. St. Pet., x, p. 28. 
Szechuan. 
LYGUS LONGIPENNIS Reuter 
1906 Lygus longipennis Reuter, Ann. Mus. Zool. St. Pet., x, p. 29. 
Sikang, Szechuan. 
LYGUS LUCORUM (Meyer-Dur) 
1843 Capsus lucorum Meyer-Dur, Verz. Schw. Rhyn., Caps., p. 46, pl. 6, f. 2. 
Chekiang•: Hangchow, Sept. 11, 1933; Hopei• : Peiping, (G. Liu); Kwangsi*: 
Lungchow, April 1933, Pingloo, May 1933 (G. Liu); Szechuan: Suifu, Dec. 
1924, Wen Chuan Shien, alt. 7,700 ft., Aug. 26, 1933 (D. C. Graham); 
Chengtu, Oct. 13, 1928 (K. F. Chen). 
LYGUS SPINOLAE (Meyer-Diir) 
1841 Capsus spinola.e Meyer-Diir, Stett. Ent. Zeit., ii, p . 86. 
Kansu, Szechuan. 
LYGUS NIGRONASUTUS (Stal) 
1858 Deraeocoris nigro-na.sutus Stal, Stett. Ent. Zeit., xix, p. 184. 
Kansu, Szechuan. 
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LYGUS ADUSTUS var. PULCHELLUS Reuter 
1906 Lygus pulchellus Reuter, Ann. Mus. Zool. St. Pet., x, p. 33. 
Szechuan. 
LYGUS ADUSTUS var. NIGROCINCTUS Reuter 
1906 Lygus pulchellus var. nigrocincta Reuter, Ann. Mus. Zool. St. Pet., x, p. 34. 
Szechuan. 
LYGUS POTANINI Reuter 
1906 Lygus potanini Reuter, Ann. Mus. Zool. St. Pet., x, p. 35. 
Szechuan. 
LYGUS DASYPTERUS Reuter 
1906 Lygus dasypterus Reuter, Ann. Mus. Zool. St. Pet., x, p. 37. 
Sikang. 
LYGUs TRIVITTULATUS Reuter 
1906 Lygus trivittulatus Reuter, Ann. Mus. Zool. St. Pet., x, p. 39. 
Sikang, Szechuan. 
LYGUS PRATENSIS (Linnaeus) 
1758 Cimex pratensis Linnaeus, Syst. Nat., ed. x, p. 448. 
Honan•: Kaifeng, April 1932 (G. Liu); Kansu; Mongolia; Sikang; Sinkiang; 
Szechuan: Mou-Ping 12,000-14,000 ft., July 7, 1927 (D. C. Graham); 
Tibet*: Zya-Ha Pass, 14,000-17,000 ft., July 25, 27, 1930 (D. C. Graham). 
LYGUS PRATENSIS var. GEMELLATUS (Herrich-Schaeffer) 
1835 Capsus gemellatus Herrich-Schaeffer, Norn. Ent., i, p. 51. 
Sikang, Szechuan: Wei Chow, 5,800 ft., Aug. 1930-; near Mouping, 1,300-1,400 
ft., July 7, 1929 (D. C. Graham). 
LYGUS PRATENSIS var. PUBESCENS Reuter 
1807 Lygaeus compestris Fallen, Mon. Cim. Sue., p. 83. 
1912 Lygus pratensis var. pubescens Reuter, t>fv. Fin. Vet. Soc. Forh., liv, Afd, A, 
No. 7, p. 37. 
Sikang; Szechuan. 
LYGUS PRATENSIS var. DISCREPANS Reuter 
1906 Lygus pratensis var. discrepans Reuter, Ann. Mus. Zool. St. Pet., x, p. 39. 
Sikang, Szechuan. 
LYGUS PRATENSIS var. PUNCTATUS (Zetterstedt) 
1840 Phytocoris punctatus Zetterstedt, Ins. Lapp. Column 273. 
Szechuan: 0-Er, 9,000 ft., 1933, Bu Lan Tsen, 8,500-9,000 ft., July 31-Aug. 2, 
1933 (D. C. Graham). 
LYGUS SZECHUANENSIS Hsiao 
1941 Lygus szechuanensis Hsiao, Iowa State College Jour. Sci., xv, No. 3, p. 246. 
Szechuan. 
LYGUS CLAVICORNIS Reuter 
1906 Lygus clavicornis Reuter, Ann. Mus. Zool. St. Pet., x, p. 41. 
Szechuan. 
LYGUS VALIDICORNIS Reuter 
1906 Lygus validicornis Reuter, Ann. Mus. Zool. St. Pet., x, p. 42. 
Sikang, Szechuan. 
LYGUS DISTINGUENDUS Reuter 
1875 Lygus distinguendus Reuter, Pet. Nouv. Ent., i, p. 544. 
Szechuan. 
LYGUS DISTINGUENDUS var. DUPLICATUS Reuter 
1906 Lygus distinguendus var. duplicatus Reuter, Ann. Mus. Zool. St. Pet., x, p. 47. 
Sikang, Szechuan. 
LYGUS RUBICUNDUS (Fallen) 
1829 Phytocoris rubicundus Fallen, Hem. Suec. Cimic., p. 92. 
Mongolia. 
•New record 
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LYGUS LINDBERG! n. n. 
A new name to replace Lygus scutellatus Lindberg (nee Distant) which is 
preoccupied by Orthops scutellatus Uhler (Bul. U. S. Sur., iii, p. 420, 1877), a 
synonym of Lygus campestris Linn. 
1934 Lygus scutellatus Lindberg, Arkiv f. Zool. 27 A, No. 28, p. 37, t. 3, £. 5. 
Kansu. 
LYGUS CERVINUS (Herrich-Schaeffer) 
1842 Capsus cervinus Herrich-Schaeffer, Wanz. Ins., vi, p. 57, £. 617. 
Szechuan. 
LYGUS MUTANS (Stal) 
1858 Deraeocoris mutans Stal, Stett. Ent. Zeit., xix, p. 186. 
Kansu; Mongolia; Tibet•: Tang Gu, 13,500 ft., Aug. 19, 1930 (D. C. Graham). 
LYGUS BIANCHI! Reuter 
1906 Lygus bianchii Reuter, Ann. Mus. Zool. St. Pet., x, p. 44. 
Szechuan. 
LYGUS KALMII (Linnaeus) 
1758 Cimex Kalmii Linnaeus, Syst. Nat., ed. x, p. 448. 
Kansu.3 
LYGUS KALMII var. THORACICUS Westhoff 
1880 Lygus kalmi var. thoracicus Westhoff, 9 Jahr. West£. Prov. Ver. Wiss. u. 
Kunst., p. 68. 
Sikang. 
LYGUS KALMII var. FERRUGINEUS Reuter 
1906 Lygus kalmi var. ferruginea Reuter, Ann. Mus. Zool. St. Pet., x, p. 46. 
Kansu, Sikang. 
LYGUS KALMII var. VITTICEPS Reuter 
1906 Lygus kalmi var. vitticeps Reuter, Ann. Mus. Zool. St. Pet., x, p. 46. 
Sikang, Szechuan. 
GENUS POLYMERUS HAHN 
Key to Species 
1. Body above opaque, clothed with silvery tomentose pubescence, pubescence 
rarely yellowish, in this case rostrum surpassing apex of intermediate 
coxae ....................................................................... 2 
Body above shining clothed with golden tomentose pubescence ................ 3 
2. Length of antenna! segment II greater than width of pronotum at base, less 
than twice the length of segment III; base of cuneus pale yellowish . . cognatus 
Length of antenna! segment II less than width of pronotum at base, greater 
than twice the length of segment III; cuneus totally black ............. pekinensis 
3. Scutellum with base black and apex yellowish; rostrum testaceous with 
apex black ....................................................... unifasciatus 
Scutellum and rostrum entirely black ................................. . funestus 
PoLYMERUS PEKINENSIS Horvath 
1900 Polymerus pekinensis Horvath, Zool. Erg. dritt. asiat. Forschungsreise d. Graf. 
Zichy, II, p. 267 (~). 
Anhwei*: Taipingshien, Oct. 1932 (G. Liu); Hopei: Peiping; Shensi•, July 4, 
1936 (E. Suenson); Szechuan. 
•New record 
'This species together with its varieties flavovarius (Fabr.) and pauperatus 
(Her.-Sch.) has been recorded by Dr. C. F. Wu (Cat. Ins. Sin., ii, p. 508-509) as 
occurring in Manchuria, but so far as the present writer is aware there is no 
reference concerning this locality. Futhermore, Oshanin (Ver. Pal. Hem., i, p. 729) 
gave its distribution as "Tota regio palaearctica usque ad 63° (in subregione 
mandshurica, Japonia septentrionali excepta, tamen non inventa); ... " However, 
since it is a widely distributed species it is very likely to be found in Manchuria 
which lies between Japan and Siberia. 
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POLYMERUS FUNESTUS (Reuter) 
1906 Poeciloscytus funestus Reuter, Ann. Mus. Zool. St. Pet., x, p . 48. 
Sikang, Szechuan. 
POLYMERUS COCNATUS (Fieber) 
1858 Poeciloscytus cognatus Fieber, Wien. Ent. Mon. ii, p. 331. 
Szechuan. 
POLYMERUS UNIFASCIATUS (Fabricius) 
1894 Lygaeus unifasciatus Fabricius, Ent. Syst., iv, p. 178. 
Mongolia. 
GENUS CHARAGOCHILUS FmEER 
Key to Species 
Body more than 5 mm. long, somewhat shining, calli of pronotum strongly 
elevate, antenna! segment II two and one-half times as long as I. . . . duplicatus 
Body less than 4 mm. long, opaque, calli of pronotum moderately elevate, 
antenna! segment II three times as long as I. . . . . . . . . . . . . . . . . . . . . . . gyllenhali 
CHARAGOCHILUS GYLLENHALI (Fallen) 
1807 Lygaeus gyllenhalii Fallen, Mon. Ciro. Svec., p. 88. 
Kiangsi, Sikang, Szechuan. 
CHARAGOCHILUS DUPLICATUS Reuter 
1903 Charagochilus duplicatus Reuter, ofv. Fin. Vet. Soc. Forh., xlv, No. 16, p. 16. 
Hopei. 
GENUS PROBOSCIDOCORIS REUTER 
PROBOSCIDOCORIS LONGICORNIS (Reuter) 
1884 Charagochilus longicornis Reuter, Ent. Tidsk., v, p. 196. 
Anwei*: Kiuhua Shan, Sept. 1933 (G. Liu); Kwangsi*: Pingloo, May 1933 
(G. Liu); Szechuan*: Suifu, alt. 1,000--1,500 ft., Oct. 10--26, 1930 (D. C. 
Graham). 
GENUS EURYSTYLUS STAL 
Key to Species 
1. Body above principally dark, pronotum with posterior margin distinctly 
sinuate ..... . . .. ..... . . . ......... . ... . . .. ... . ... . . . . . . . ... . ....... .. ... . ..... 2 
Body above principally pale, pronotum with posterior margin nearly straight 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . luteus 
2. Pronotum posteriorly with two black round spots surrounded with pale and a 
slender black median line, scutellum with basal angles and apex pale . . ...... . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . coelestialium 
Pronotum not marked as above, scutellum only with apex pale .. . .... . costalis 
EURYSTYLUS COELESTIALIUM (Kirkaldy) 
1902 Olympiocapsus coelestialium Kirkaldy, Trans. Ent. Soc. London, 1902, p. 255, 
t . 6, f. 17- 18. 
1908 Eurycyrtus bioculatus Reuter, Ann. Mus. Zool. St. Pet., xii, p. 495. 
Anhwei: Taipingshien, Oct. 1932 (G. Liu); Hopei: Peiping. 
EURYSTYLUS COSTALIS Stal 
1870 Eurystylus costalis Stal, ofv. Sv. Vet. Aka. Forh., No. 7, p. 671. 
Hopei*: Peiping, July 1932 (G. Liu) . 
EURYSTYLUS LUTEUS Hsiao 
1941 Eurystylus luteus Hsiao, Iowa State College Jour. Sci., xv, No. 3, p. 247. 
Anhwei. 
CHINESE MffiIDAE (HEMIPTERA) 269 
GENUS PHYTOCORIDEA REUTER 
PHYTOCORIDEA DISPAR Reuter 
1906 Phytocoridea dispar Reuter, Ann. Mus. Zool. St. Pet., x, p. 22. 
Szechuan. 
PHYTOCORIDEA DISPAR var. DISCOIDALIS Reuter 
1906 Phytocoridea dispar var. discoidalis Reuter, Ann. Mus. Zool. St. Pet., x, p. 23. 
Szechuan. 
GENUS TINGINOTUM KIRKALDY 
T!NGINOTUM sp. 
Szechuan*: Tseo Jia Geo, alt. 3,000 ft., Sept. 23, 1929, Suifu, alt. 1,000-2,000 ft., 
Sept. 15, 1929 (D. C. Graham). The two specimens at hand have been so damaged 
that the antennae and legs are all gone and specific identification is very difficult. 
However, is it interesting to have the first record of the genus from China. 
GENUS PHYTOCORIS FALLEN 
Key to Species 
1. Body clothed with pale pubescence; antennae pale yellow, last two segments 
slightly darker .............................. . ......... . . . ... . ....... . . . sinicus 
Body clothed with pale and black pubescence; antennae chiefly dark, spotted 
with white or green ... . .................................................... 2 
2. Body above fuscous, conspurcate and varied with conspicuous green areas ...... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . knighti 
Body otherwise colored ......................................... . ... . ......... 3 
3. Antenna! segment I in length equal to length of pronotum, clothed with pale 
rigid hairs; sexes similar . .... . .... . ..... . .................. . ....... intricatu.s 
Antenna! segment I in length greater than length of pronotum, clothed with 
black rigid hairs; male and female dissimilar ........................ potanini 
PHYTOCORIS INTRICATUS Flor 
1860 Phytocoris intrica{u.s Flor, Rhynch. Livl., i, p. 603. 
Szechuan. 
PHYTOCORIS SINICUS Poppius 
1915 Phytocoris sinicus Poppius, Ann. Mus. Nat. Hung., xiii, p. 9. 
Kiangsu. 
PHYTOCORIS POTANINI Reuter 
1906 Phytocoris potanini Reuter, Ann. Mus. Zool. St. Pet., x, p. 4. 
Szechuan. 
PHYTOCORIS KNIGHT! Hsiao 
1941 Phytocoris knighti Hsiao, Iowa State College Jour. Sci., xv, No. 3, p. 249. 
Szechuan. 
UNCERTAIN SPECIES 
CAPSUS SINICUS walker 
1873 Capsus sinicus Walker, Cat. Hem., vi, p. 120. 
Hongkong. 
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INTRODUCTION 
The fungi are pre-eminently suited to genetical experiments, but 
have been exploited to this end much less than Drosophila and maize. 
The reason is that they are too different from higher plants to permit 
direct transfer of Drosophila and maize techniques to them. The present 
paper will discuss the problems arising from these differences and show 
how these problems can be overcome. Because our work has been pri-
marily with Neurospora, it is the example chosen in most cases, but 
similar problems arise in the genetics of the other fungi as well. 
MULTICELLULAR PLANTS 
The higher plants are multicellular, and each diploid nucleus is en-
closed within a single ·ceh. These cells are the building blocks that make 
up the structures by which the organism performs its vital functions. 
The stability of the building blocks is assured by diploidy. A nucleus 
containing pairs of genes is safeguarded to a large extent against var-
iation due to mutation because mutation of one member of a gene pair does 
not usually produce a variant (except in the rare case when the mutant 
gene is dominant); the normal gene is usually dominant over the mutant, 
and the phenotype of a cell made heterozygous by mutation is seldom 
altered. Gynandromorphs and chimeras are monsters, made up of mix-
tures of phenotypically different cells. They demonstrate the extreme 
necessity for genetically stable cells in the construction of a multicellular 
plant or animal, for many essential organs of gynandromorphs are 
malfunctional because of the phenotypical heterogeneity of the cells 
that compose them. 
COENOCYTIC PLANTS 
An enormous evolutionary gap separates the diploid multicellular 
higher plants from the haploid fungi. Whenever a diploid nucleus is 
formed in a standard fungus life cycle, the number of chromosomes is 
thereafter immediately reduced in the usual manner to produce a tetrad. 
Diploid nuclei only occur in the zygote following karyogamy. There are 
only a few established cases in the higher fungi of diploid nuclei multiply-
ing vegetatively. 
A further fundamental difference between the fungi and the higher 
plants is that many of the fungi are essentially coenocytia. Although 
the hyphal threads of the ascomycetes are divided into chambers by 
[271] 
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cross-walls, these septations are practically always perforate and function 
to keep the tubes from collapsing rather than to separate the organism 
into cells. The genetic mixture of haploid nuclei suspended in the com-
mon cytoplasm passes freely through the septations as the cytoplasm 
streams along the hyphal threads (3, 24, 25). l£ one of these haploid 
nuclei mutates, the mutant may continue to increase by division and be-
come distributed throughout the plant by cytoplasmic streaming. The 
genetical heterogeneity of the nuclei prevents such an organism from pro-
ducing structures of great complexity; in fact, these organisms seem to 
strive to maintain genetical complexity even at the expense of sacrificing 
the ability to produce complex structures. In some species, there are 
elaborate adaptations which assure that the sexual spores (which contain 
only a single type of nucleus in most species) will contain two genetically 
different kinds of nuclei ( 4, 7). 
HYPHAL FUSION 
Hyphal fusion or anastomosis is another device which functions to 
preserve and increase the genetical complexity of the fungi (3, 24, 25). 
When two hyphal tips come into contact their contiguous walls dissolve 
and their contents intermingle. After a hyphal wall becomes old and 
thick, it becomes incapable of fusion. These fusions have no sexual sig-
nificance and are not followed by karyogamy. They occur between mycelia 
of the same sex as frequently as between mycelia of opposite sex. They 
sometimes occur between genetically different hyphae and may even 
occur between hyphae of different species or genera. 
HETEROKARYOSIS 
The facility of nucleo-cytoplasmic interchange produces a mixture 
of genetically different haploid nuclei. This condition is called hetero-
karyosis (30, 34, 41). When masses of spores are transferred the young 
germ tubes fuse with one another as soon as they emerge from the spores, 
and when the spores are genetically different, the new mycelium contains 
a mixture of different kinds of haploid nuclei. An interesting result of 
this capacity to produce nuclear mixtures is the fact that lethal genes in 
haploid nuclei can be carried in culture because the normal nuclei in the 
cytoplasm provide a sufficient excess of the materials necessary for sub-
sistence. The fact that the "weaker" pseudo-parasitic or even lethal 
mutant nuclei can be supported by the more vigorous normal or wild-
type nuclei means that practically all new mutations are preserved and 
live in the cytoplasm elaborated by the vigorous normal hosts. Since a 
· gene is only "poor" or "good" in certain combinations, the low vigor of 
a genotype does not mean that the gene itself is not valuable for the 
species. The new genotype multiplying passively in the host cytoplasm 
recombines with other mutants in the sexual cycle. l£ a genotype of 
exceptional vigor or specific adaptability is eventually produced. it may 
attain supremacy in the heterokaryon and finally produce sectors of n~w 
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growth. Mutations in diploid cellular plants rarely attain supremacy in the 
plant in which they occur. Mutations which occur in somatic cells, even 
if they are dominant, are walled off from the rest of the plant and fail to 
affect its character unless they occur early in a bud (and cause a bud 
sport). An advantageous mutation in a fungus thallus, however, because 
of the coenocytic character of the plant, has a good chance of dominating 
the thallus although it can rarely become completely separated under 
natural conditions from the mixture of less vigorous nuclei from which 
it arose. 
Some of the diverse nuclei found in fungus thalli are capable of per-
forming specific functions. For example, in Neurospora, forms found in 
nature may be heterokaryotic for normal conidial and nonconidial mutant 
nuclei. These nonconidial mutants are incapable of producing the asex-
ual spores (conidia) by which the fungus is disseminated vegetatively. 
Since they do not expend energy in the formation of asexual spores, they 
grow more rapidly than the normal conidial forms. The heterokaryon 
has the rapid growth character of the nonconidial mutant and the con-
idium-forming capacity of the conidial form and is, therefore, more vig-
orous than either pure form. It is conceivable that mixtures of nuclei 
are important in other ways not so easy to demonstrate. A heterokaryon 
carrying mutants capable of elaborating different kinds and amounts of 
enzymes would probably have a higher survival value than a more re-
stricted and less flexible homokaryotic form. In bacteria this may be an 
extremely important factor in the survival of the species, especially in the 
special case of the "free cell" structure of the bacteria. 
Organisms such as fungi and bacteria, in which single thalli or 
colonies contain mixtures of genetically differentiated nuclei can only 
possess a minimum of differentiated structures and in place of structures 
capable of performing a variety of functions genetically, different nuclei 
may each be specifically adapted for the performance of different func-
tions. In higher plants which are genetically uniform and protected 
against variation by diploidy, different functions are performed by struc-
tures differentiated morphologically from the other cellular tissue of the 
organism. Fungi which produce relatively complex structures such as 
the Hymenomycetes are built of cells each of which contains a stable 
dikaryon which is duplicated by synchronous "conjugate division" of each 
of the nuclear mates. In mushrooms each cell contains two nuclei and 
this pairing insures stability against the possibility that mutation might 
produce a new phenotype and distort the structure. Stability is, there-
fore, assured by dikaryons in Hymenomycetes just as it is assured by 
diploidy in the cells of higher plants. However, a hymenomycete di-
karyon is an extremely flexible structure, and one of the members of a 
dikaryon is often replaced by an "invading" nucleus of the same sex but 
possibly genetically different. Dikaryons are technically quite different 
from diploid nuclei and Buller's term "diploidization" is not accurate. He 
uses this term to describe the process of converting a haploid mycelium 
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into a dikaryotic mycelium. Strictly speaking "dikaryotization" would 
be a preferable term. Smut mycelia capable of invading host tissue and 
causing disease are dikaryotic. Monokaryotic strains of smuts are usually 
incapable of parasitism while the dikaryotic bisexual mycelium easily 
gains entrance to the host tissue. 
ASEXUAL CYCLE 
Asexual spores (conidia) of Neurospora are usually multinucleate, 
thus insuring the vegetative propagation and dissemination of the hetero-
karyon existing in the thallus (6, 29). When a conidium is finally sep-
arated from the conidiophore by a solid wall, it may contain a few to a 
dozen or more haploid nuclei. In nature the variety of mutant nuclei 
present in a single conidium usually contain representatives of each of 
the two sexes. A conidium planted on agar produces a germ tube which 
branches rapidly and grows radially from the point of inoculation with 
the concomitant mutiplication of the various nuclei. 
The mycelium is made up of branching tubes divided into cylindrical 
compartments by septa (cross-walls) but these cross-walls do not separ-
ate the threads into cells in the regular sense. Two partitions may enclose 
a mass of cytoplasm containing any number from a few dozen to many 
hundreds of nuclei, each of which is haploid. Furthermore, each septum 
has a large perforation at the center, and nuclei migrate freely through 
the perforations. When the hyphae have attained nearly full growth, an 
abundant deposit of nuclei and cytoplasm has accumulated. During the 
early stages of growth only a few conidia are produced, but finally, when 
the growth of the hyphal mat nears its limit, conidia are formed in abun-
dance. 
The large hyphal tubes in the center of the mat are completely emptied 
of their nucleo-cytoplasmic mixture, and as the emptying progresses, a 
plug is formed at each septal perforation. (Sometimes a thin hyphal thread 
will grow back into the large emptied hypha through the perforation.) 
_ The abundance of already elaborated cytoplasm and nuclei is stuffed 
like the filling of a sausage into the terminal hyphae, which now takes on 
a predominantly aerial growth, probably stimulated by the staling of 
the substrate. The aerial hyphae branch dichotomously, and the conidia 
are cut off by walls as the streaming into the tips continues. 
SEXUAL CYCLE 
The sexual spores of N. crassa are black, lemon-shaped ascospores 
with longitudinal markings (37, 42). After a heat treatment at 60° C. 
for an hour or 90° C. for a shorter time, the ascospores put out germ 
tubes from pores at each end of the spore. In nature the spores lying 
dormant in the ground usually germinate after a fire. Before any green 
vegetation gets started the aerial hyphae covered with salmon pink 
conidia (asexual spores) cover the burnt-over region. The mold some-
times completely obscures the object on which it is growing. The growth 
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is so thick that conidia can be picked up by handfuls from the surface of 
bread or sugar cane bagasse. Slight disturbances of the air release clouds 
of conidia to spread the infection. Finally ascospores are produced as a 
result of the sexual cycle and the ascospores may lie dormant in the soil 
for several years until the next fire occurs. The asexual spores usually 
die in a few months. 
In the laboratory, it is possible to obtain pure cultures from the asco-
spores of N. crassa by planting them on agar and subjecting them to a heat 
treatment (26). This heat treatment kills the vegetative mycelia and 
asexual spores and stimulates the ascospores to germinate. After the 
ascospores germinate, a small block of agar containing a single spore is 
cut out and transferred to a culture tube. Such cultures contain an 
abundance of vegetative mycelia and asexual spores, but no ascospores 
appear in a culture grown from a single ascospore. The fungus is hetero-
thallic, producing ( +) and ( - ) ascospores. Cultures from either ( +) 
or ( - ) spores look exactly alike to the naked eye and under the micro-
scope. When ( +) and ( - ) mycelia are planted together in a tube, peri-
thecia filled with ascospores are produced (27). 
The male gametes are called spermatia (1, 11, 14, 21, 46) . They are 
produced on both ( +) and ( - ) mycelia. The spermatia are small (3-4 µ), 
thin-walled, uninucleate cells which act as sperm. They are produced by 
being extruded from a pore at the tip of a bell-shaped hypha or from 
pores in the sides of short stubby hyphae (spermatiophores). Plus sper-
matia only fertilize ( - ) cultures, and ( - ) spermatia can fertilize only 
( +) cultures. 
The bubils are the female sex organs. Each contains an oogonium 
tightly wrapped in a dense ball of thick-walled hyphae. From the oogon-
ium a branched trichogyne extends sometimes for a long distance. Plus 
bubils are transformed into perithecia containing asci full of ascospores 
if they are spermatized by spermatia from a ( - ) culture. Bubils which 
are indistinguishable from each other are found in both ( +) and ( - ) 
cultures. 
SEGREGATION IN THE ASCUS 
The ascospores are contained in the slender tubular asci inside the 
perithecium. From 50 to 100 each are normally found in each perithecium, 
and each ascus contains 8 spores. Each ascospore is binucleate, but the 
ascospore at its origin contains only a single nucleus, so these nuclei 
are genetically identical and the culture produced by growing a single 
spore is homokaryotic. Four of the spores from each ascus are ( + ) and 
four are ( - ) (27) . The zygote is produced by a nuclear fusion occurring 
in the young ascus. One haploid ( +) gametic nucleus and one haploid 
( - ) gametic nJ.lcleus always participate in the fusion. The zygote im-
mediately undergoes reduction, and the distribution of the two types of 
spores in the ascus is due to the reduction of a + /- gene pair in the 
zygote. The fact that (1) the zygote is always heterozygous for the +!-
.  : 
;. .'.· : . . 
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gene pair , (2) that no zygote can be produced unless it is heterozygous 
for these genes, and (3) that every member of the species falls into 
either the ( +) or ( - ) category with no alternative class, establishes 
these genes as sex factors rather than sterility factors. Sterility factors 
are well known in Neurospora and have been extensively studied, but 
cannot possibly be confused with the sex factors. We have, therefore, two 
sex mechanisms involved in producing the zygote: (1) the sex organs, 
spermatia (male) and bulbils (female), and (2) the sex factors, ( +) 
and ( - ) , for which the zygote is always heterozygous. The two kinds 
of spores are arranged in the ascus in six ways: 
SPORES 
Arrangement 1 2 3 4 5 6 7 8 
(1) + + + + (2) 
- + + + + (3) + + + + (4) + + + + (5) + + - + + (6) + + + + 
The first two arrangements (four and four) are the result of Men-
delian segregation of the sex factors at meiosis I. The last four arrange-
ments (two and two) are the result of Mendelian segregation of the sex 
factors at meiosis II. 
The third division is equational, so each spore pair (1 and 2, 3 and 4, 
5 and 6, 7 and 8) is genetically identical. A fourth division occurs in each . 
spore which is also equational, and results in each spore containing a pair 
of genetically identical nuclei. 
The ratio of first-division segregation to second-division segregation 
of the sex genes is constant and equals 87: 13. The second division segre-
gations are due to cross-overs occurring between the locus of the + / -
gene pair and the centromere (28). This ratio determines the distance of 
the sex genes from the centromere. 
Segregation of other mutant genes from their normal allels is regu-
lar and occurs with constant ratios of first- to second-division segregation. 
When two mutants are mated the complexity of spore arrangement is in-
creased; there will be (6 x 6) 36 possible types of arrangements in the 
ascus (33). 
Many experiments in fungus genetics, especially with rusts and 
smuts, have been interpreted to indicate that the reduction division is 
irregular. That is, the reduction of a nucleus heterozygous for a pair of 
genes does not always produce a 1: 1 ratio of variant to normal. It has 
already been stated that, with regard to the pair of sex genes, the ratio 
of ( +) to ( - ) is always 1: 1. This is also true of all the other mutant 
genes studied in Neurospora, In complex crosses, i. e., when the zygote is 
heterozygous for three or more genes, analysis is extremely difficult due 
to the difficulty of determining the genotype of the progeny by simple 
inspection. This is due to a number 0£ factors, (1) modifiers, (2) epi-
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stasis, (3) phenotypically identical genotypes, and other difficulties to be 
discussed later. Cases reported in smuts and rusts of irregular segrega-
tion are probably only superficially irregular. The irregularities in segre-
gation would probably disappear if each of the variants were mated to a 
wild type stock and their progeny analyzed. Continued mating of progeny 
to wild type has not been established as a standard practice in smut 
genetics, and yet it is essential to any final analysis. In the many thousands 
of asci which we have analyzed from hundreds of matings, the segre-
gations have been regular. In cases of apparent irregularity, subsequent 
work always resulted in a clarification of the mechanism. 
CHROMOSOME MAPS AND CHROMOSOMES 
Chromosome maps can only be constructed by extremely intensive 
study of a single species. Much work on fungal variation has been done 
by mycologists and plant pathologists who spread their studies over a 
wide variety of species. The monumental success of Bridges in construct-
ing chromosome maps of Drosophila was due to a lifetime of the most in-
tensive effort on the single species with which he began. His work has 
been supplemented by hundreds of other investigators and the maps of 
Drosophila chromosomes are the result of many lifetimes of effort directed 
at this single species. Twelve years of work on N. crassa alone were re-
quired to construct the maps of two chromosomes: (1) The sex chromo-
some with six loci: sex, gap, centromere, crisp, pale, and dirty (35). (2) 
The second chromosome with six loci: centromere, ring, peach, tuft, burnt, 
and fluffy (39). Many other genes have been studied, but ~2t definitely 
located in linkage groups. ,.,,. " 
Cytological study indicates that there are probably ,six chromosomes 
in Neurospora crassa (38). Dr. McClintock and Edward Weaver have 
shown preparations of N. sitophila in which they found seven chromo-
somes. The six chromosomes of N. crassa are of unequal length. Study 
of leptotene shows the following approximate number of chromomeres 
in each of the respective chromosomes: 29, 18, 13, 9, 5, and "3. 
HOMOKARY.OTIC STRAINS 
The first step in genetic study of the fungi is to establish and main-
tain pure homokaryotic cultures (28). This essential rule is usually not 
observed by students of fungal variation. Much work has been done 
using polysporous transfers containing both conidia and ascospores. 
Some workers think that cultures which have been carried for years in 
the laboratory are especially desirable for studying variation because 
they have become "stabilized." Such cultures are not stabilized be-
cause they are homokaryotic but because they have become adjusted to 
artificial media by mutation, thus establishing the supremacy of a certain 
genotype-group, and associated with this genotype-group is invariably a 
large assemblage of pseudo-parasitic, semi-lethal, or "weak" nuclei 
carried in the common cytoplasm at the expense of the vigorous forms 
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FIG. 1. Diagrammatic representation of the life cycle of Neurospora crassa. 
MINUS THALLUS 
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(30). In our work we have analyzed many mixtures of this type in Neuro-
spora. Neurospora cultures which have been propagated vegetatively for 
six months or more are always heterokaryotic, and one of our standard 
laboratory routines is the purification of these cultures before every 
genetical test. The mutations present are usually not'evident by inspec-
t ion but can be separated by various techniques (33). 
PRODUCTION OF MUTATIONS IN FUNGI 
Because the fungi are so variable, many studies of the factors 
which influence this variability or "mutability" have been made. Un-
purified stock fungus cultures are subjected to different treatments, and 
a variety of "new" forms are obtained. The fundamental error in these 
experiments is that the treatment is assumed to have produced a change 
in the genotype without consideration of the alternative possibility that 
the variants already present were merely separated from the mixture by 
treatment. Most experiments describing the "production" of fungus 
mutations are probably in error in assuming that the agent used to "pro-
duce" the mutation actually caused the mutation to occur. 
In our hands most fungus genes have proved to be as stable as the 
genes of either maize or Drosophila. The frequency of occurrence of 
heterokaryotic cultures is consistent with this statement when one con-
siders (1) the large population of nuclei and the possibility that any vig-
orous mutant may obtain supremacy and (2) the various devices in the 
fungi which encourage the development of heterokaryotic thalli in con-
trast to the higher plants and animals which are purified genetically 
each sexual generation. The occasional highly mutable genes found 
in Neurospora mutated independent of the environment, and the spon-
taneous mutants seemed to occur independent of the environmental con-
ditions (29). It is possible that the so-called "mutation-producing" 
agents merely separate different genotypes already present in a hetero-
karyon rather than produce new mutations. In these experiments the 
type of culture used is more important than the agent which indicates 
that the culture is impure rather than that the agent is effective. Agents 
whose efficacy has been demonstrated in Drosophila and maize, like 
ultraviolet and X-rays, produce mutations with equal facility from all 
types of cultures. 
TECHNIQUES FOR SEPARATING HETEROKARYONS 
The spermatia which function as sperm to fertilize the oogonia can 
also reproduce asexually (11). A single spermatium planted on agar 
will produce a germ tube and eventually a thallus. The spermatium is 
uninucleate, and a single spermatium culture is homokaryotic. This is 
our present technique of purifying Neurospora cultures or of analyzing 
the complexity of a heterokaryon. Single ascospore cultures are also 
homokaryotic. 
It is possible to separate the different components of a heterokaryotic 
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culture by mating it to normal, and culturing single ascospores obtained 
from the mating. This method succeeds because each ascospore contains 
only a single nucleus at its origin. Asexual subculturing of single conidia 
usually fails to effect a separation because these asexual spores are multi-
nucleate and nearly as heterokaryotic as the original thallus. 
VARIETY OF MUTANT FORMS 
Normal cultures of N. crassa produce an abundant growth of salmon-
pink conidia borne on a well-developed system of aerial hyphae. The 
conidia are borne in chains ( catenulate) which branch dichotomously. 
The conidiophores are divided by septations into short, compact oidia. 
Mutants are all identified by alterations of this standard type of cultural 
growth. Many mutants known to be due to different genes resemble each 
other so closely that they are indistinguishable. 
The nonconidial mutant is the one most frequently encountered. In 
this type of mutant, the production of salmon-pink conidia is suppressed, 
and a thick, white growth of aerial mycelia takes its place. Spermatia 
and bulbils are especially abundant, and these mutants are vigorous and 
very fertile. They also grow more rapidly than normal because less 
energy is expended in producing conidia than in the normal form. Fluffy, 
webby, cottony, albinistic, and soft fall into this category. 
An analysis may be complicated by confusion between different var-
iants which are indistinguishable except through genetical tests. This 
is true of the nonconidial mutants. The technique of solving this difficulty 
is described below. 
Gap resembles the nonconidial forms in producing a few conidia 
at the upper fringe of a mass of nonconidial growth. Pag produces a few 
clusters of conidia at the base after first putting out an abundant non-
conidial growth. Both these forms are characteristically vigorous and 
fertile, thus resembling the mutants in the nonconidial category. 
Pale, peach, and tuft produce fewer conidia than normal and show 
generally reduced vigor. They are lighter colored than normal, probably 
because they produce fewer conidia. 
Crisp and fan are characterized by an exceptionally abundant pro-
duction of conidia, but the conidia are clustered close to the agar. These 
forms might be considered to be at the opposite extreme from the non-
conidial types, for they produce an excess of conidia with a minimum of 
aerial supporting hyphae. 
Dirty and even are characterized by a deformity of the conidia. The 
conidia are large globoid, and are neither dichotomously branched nor 
catenulate. A reduced growth of white conidiophores is topped by a 
growth of these deformed conidia and relatively abundant accumulation 
of a yellowish "dew" collected on the hyphae. This "dew" is possibly an 
exudate. 
Tan differs from normal by a considerable reduction in both conidia 
and mycelia. The substrate appears to have a buttery sheen and a tan, 
leathery color. This characteristic substrate color is found in many vari-
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ants of markedly reduced vigor. Tan has the additional distinction of 
being a rapidly mutating gene. The first transfer produces a culture re-
sembling normal, but genetic tests readily show that the culture is hetero-
karyotic, containing both tan and normal nuclei. The tan nuclei mutate 
to normal with relatively high frequency. 
Black is a character of the substrate. A black mutant differs from 
normal in producing a dark band at the upper edge of the substrate. 
Attempts to use the black substrate color mutants in genetic experiments 
have been generally unsuccessful because the phenotype is extremely 
variable. Black substrate is especially pronounced in cultures grown on 
rich medium or kept in bright sunlight. Melanistic also falls into this 
category. This type of variant segregates relatively frequently from inter-
specific crosses. It shades almost imperceptibly into the tan category, and 
like it, seems associated with a certain degree of degeneration. 
The sex locus is a valuable one because it can be superimposed on 
any other gene or combination of genes, since it produces no phenotypic 
effect except capacity to mate with the opposite sex. This is important 
because most ·combinations are less vigorous than single gene mutants 
and the number of genes that can be mated in a single cross is limited. 
The more genes a mutant carries, the harder it is to determine its geno-
type by inspection, because each additional gene reduces the vigor until, 
finally, too small an amount of growth is produced to afford a basis for 
diagnosis. The sex gene does not affect the vigor of a combination in which 
it appears. 
CLASSIFICATION OF PROGENY BY ELIMINATION 
In Drosophila and maize, the differentiation of the organism makes 
it possible to find genes which specifically affect different structures. For 
example, white is a gene which changes the normal red eye to white and 
vestigial is a gene which changes the normal long wing to a short ves-
tigial structure. The double mutant (white vestigial) has white eyes and 
vestigial wings. Neither gene interferes with the expression of the other 
seriously enough to make classification difficult. In Neurospora, the 
simple structure of the plant and the absence of differentiated structures 
means that practically every gene affects the entire thallus and, therefore, 
has an effect on the expression of every other gene. For this reason, the 
phenotype of a double mutant is not predictable. However, the double 
mutant can be selected from the progeny by elimination especially. when 
all eight spores are grown from an ascus. A cross of pale (light salmon, 
conidial) by fluffy (nonconidial) produces two types of new combination 
progeny. These are (1) nonpale nonfluffy (normal) and (2) pale-fluffy 
(the double mutant) (28). Three types of asci, with respect to their mutant 
combinations are found: 
1 2 3 4 5 6 7 8 
p p p p 
PF PF PF PF 
PF PF P P 
F F F F original only 
nor nor nor nor new combination only 
F F nor nor original and new combination 
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Other types of asci are found with respect to the different arrange-
ments of the original and new combination genotypes in the ascus. Three 
of the genotypes, pale, fluffy, and normal, can be easily classified from 
earlier experiments. If a single ascus contains the four normal cultures, 
the remaining four must by elimination be the double mutants, pale-
fluffy. This follows from the fact that the genes are always segregated 
in the ascus in a 1 : 1 ratio, and if four of the spores receive the normal 
allel of both mutant genes, the other four spores must have each received 
both mutant genes. A pair of pale, a pair of fluffy, and a pair of normal 
cultures from a heterozygous ascus means that by elimination the fourth 
pair of cultures must necessarily be the pale-fluffy double mutant. The 
pale-fluffy double mutant does not resemble either single mutant parent. 
so its phenotype is no guide to its genotype. It is a grey, much reduced 
growth, without either the light orange color of pale or the white, abundant 
growth of fluffy. However, a mating of the double mutant to normal 
produces the same classes of progeny as a mating of pale by fluffy, thus 
proving its genotype to be pale-fluffy. 
ABERRANT SEGREGATION RATIOS 
A. MODIFIERS 
Aberrant segregation ratios may result from the interaction of two 
or more genes in producing the phenotype (28, 29). This is especially 
clear in the case of genes modifying the nonconidial mutants. When the 
noncon~dial mutant fluffy is mated to normal, the four normal and four 
nonconidial cultures are seldom exactly alike. Two of them are usually 
slightly different from the other two. This is because the normal form 
carried a gene capable of modifying fluffy, but this modifying gene did 
not produce a visible effect on normal. Rapidly growing mutants like the 
nonconidial types are extremely susceptible to modifiers which may have 
no visible effect at all on the phenotypes of the slower growing conidial 
mutants. Modifiers interfere with genetical analysis as the following 
example will demonstrate: A mutant (slow-growing conidial) pale stock 
was inbred for six generations and mated to mutant, fluffy (nonconidial), 
stock which had been similarly inbred for six generations. This amount 
of inbreeding was expected to purify the stocks so that crossbreeding of 
pale by fluffy would yield only four types of progeny: (1) the two original 
combinations, pale and fluffy, and (2) the two new combinations pale-
fluffy and normal. However, five types of progeny were obtained; one 
of them was a modified fluffy. Apparently the pale line was homozygous 
for a gene which modified fluffy and which produced no phenotypic effect 
on pale. In such cases, the pale stock is purified by selecting a pale cul-
ture from an ascus of the following types: 
Spore 
Genotype 
1 
p 
2 
p 
3 
p 
4 
p 
5 
F mod 
6 7 8 
F mod F mod F mod 
Since the four fluffy spores all carry the modifier, it must be absent 
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from the pale cultures. When purified, the pale cultures are crossed with 
unmodified fluffy, only four types of progeny are obtained. 
B. GENE COMBINATIONS OR MULTIPLE MUTANTS 
Combinations of genes in a single haploid nucleus do not usually give 
predictable results. In some combinations, one gene may produce the 
preponderant effect on the phenotype. For example, in most combinations 
carrying crisp, the crisp effect is obvious while other genes in combina-
tions with crisp may be difficult to detect. Crisp-pale is slightly lighter 
than crisp, but gap-crisp resembles crisp so closely that unless one were 
completely familiar with this double mutant, he would mistake it for crisp. 
It differs only in a yellow substrate due to the presence of the gap gene. 
Sometimes neither component is recognizable, pale-fluffy looks like 
neither pale nor fluffy and is not what one would predict the combination 
ought to look like. This type of effect is rather common. 
A double mutant is practically always less vigorous than a single 
mutant. The only exception encountered is the gap-clump double mutant. 
Clump is a modifier of gap detectable only when in combination with gap 
(33). This combination is always more vigorous than either gap or clump 
alone. Gap-clump produces more conidia and grows more vigorously 
than normal. 
Since gene combinations are not always predictable or detectable, 
the progeny from a mating may not give what appears to be regular ratios 
until further analysis is made by mating the new forms by wild-type. 
C. PHENOTYPE OF HETEROKARYONS 
The above discussion concerned combinations of genes in a single 
haploid nucleus to form a homokaryotic thallus. A heterokaryotic 
thallus is a gene combination in a different sense and often assumes the 
character of the more rapidly growing component with few or no sectors 
indicating the presence of the fellow-traveler. If one of the components 
of a heterokaryon is normal, the entire thallus is usually phenotypically 
normal. Mating a mycelium which is assumed to be homokaryotic but 
which is actually heterokaryotic will result in an odd assortment of sexual 
progeny. 
D. EPISTASIS 
Epistasis also produces irregular ratios. We have already discussed 
some phases of the problem of epistasis in pointing out that gap-crisp 
shows little phenotypic evidence of the presence of a gap gene. This is 
only partial epistasis, for it is possible by critical study to detect the 
presence of gap in the combination. However, there are cases of appar-
ently complete epistasis (29). Pale is epistatic to tan, so that the double 
mutant pale-tan shows no sign of the presence of tan, although tan is a 
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very conspicuous phenotype. For example, crossing pale by tan pro-
duces many asci of the following type: 
Spore 1 2 3 4 5 6 7 8 
Phenotype pale pale pale pale tan tan nor nor 
Genotype PT PT P P T T nor nor 
Genetic analysis of pale cultures from spores 1 and 2 revealed them to 
be pale-tan double mutants. Mating the mycelium from these ascospores 
with a normal mycelium results in the appearance of many tan progeny 
definitely proving the epistatic effect of pale. 
E. PHENOTYPICALLY IDENTICAL GENOTYPES 
The various nonconidial mutants all resemble each other very closely, 
and the most critical examination of cultures of the same age and on the 
same substrate seldom reveals a real distinction. They can be shown to 
be different, however, by a genetic test. This test is especially important 
in studying fungal variation because it serves to distinguish pheno-
typically identical variants from each other. When the two nonconidial 
variants, fiuffy and albinistic, are mated, three kinds of asci are obtained 
with respect to the types of progeny produced (not the arrangements of 
spores) (F = fiuffy; A= albinistic; nor= normal (conidial); non-c = 
nonconidial; and en = conidial) . 
Ratio 
Spores 1 2 3 4 5 6 7 8 Non-etoen 
Genotype F F F F A A A A 4 0 
Phenotype Non-e Non-e Non-e Non-e Non-e Non-e Non- e Non-e 
Genotype FA FA FA FA nor nor nor nor 1 1 
Phenotype Non-e Non-e Non-e Non-e en en en en 
Genotype F F A A FA FA nor nor 3 1 
Phenotype Non-e Non-e Non-e Non-e Non-e Non-e en en 
Other arrangements of spores are encountered; only three are indi-
cated. The outstanding fact is that two apparently identical nonconidial 
phenotypes when mated produce some normal conidial progeny. This is 
explained by the fact that fiuffy carries the normal allel of albinistic at 
the albinistic locus in addition to the fluffy gene at the F locus. Albinistic 
carries the normal allel of fiuffy at the fiuffy locus. Representing the 
mutant genes by capitals and their normal allels by small letters, the 
fluffy and albinistic stocks will be designated respectively: Fa and fA. 
When these genotypes are mated four types of progeny: (1) Fa, (2) fA, 
(3)FA, and (4) fa, are expected. The fa cultures are normal. The double 
mutant FA cultures are phenotypically indistinguishable from either pure 
fiuffy or pure albinistic. Attempting to analyze the progeny from such a 
cross, without knowledge of the fact that the nonconidial phenotypes con-
stitute three different genotypes, may lead to the belief that reduction 
has occurred irregularly in some asci in which the ratio of nonconidial to 
conidial is 3 : 1. 
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However, genetical analysis shows that the . underlying ratios are 
actually 1 : 1 gametic ratios. Four mutant and four normal genes always 
segregated at each meiosis. 
F. RAPIDLY MUTATING GENES 
The first mutant encountered in the genetical analysis of N eurospora 
crassa was tan (29), which is an unstable, rapidly mutating gene. It 
mutates from tan to normal, and a pure tan culture very soon becomes 
heterokaryotic by mutation. The first transfer of a tan culture to a fresh 
tube of medium produces a culture resembling normal due to the fact 
that many of the nuclei present in the heterokaryon are normal, and these 
rapidly growing nuclei provide a cytoplasm which nurtures the tan 
nuclei and at the same time prevents the tan phenotype from appearing. 
Tan cultures can be recovered by making subcultures of hyphal tips, 
proving that many of the nuclei in the normal-appearing heterokaryon 
are tan. When the heterokaryotic (apparently normal) cultures were 
mated, the zygote obtained either tan or normal nuclei from the hetero-
karyotic culture with the result that some of the asci produced by mating 
this apparently normal heterokaryon by a true normal mycelium con-
tained four tan spores and four normal spores, while the other asci con-
tained eight normal spores. 
A cross of tan by tan also produces many normal progeny, because 
each tan mycelium contains normal nuclei produced by mutation. Some 
of the normal progeny of these matings produce tan progeny, indicating 
that suppressors of tan are present which make the double mutant (tan 
and tan-suppressors) look like normal, thus adding a complication. This 
discussion shows that with rapidly mutating genes, unpredictable ratios 
are the rule. These crosses are extremely confusing and require ex-
tended analysis. 
Many of the confusing and apparently non-Mendelian results obtained 
in analysis of smuts and rusts are due probably to the use of stocks carry-
ing unstable rapidly mutating genes. This is indicated by the description 
of the sectoring of monosporidial cultures. However, most genes in fungi 
are stable, and unstable, rapidly mutating genes are encountered as fre-
quently in corn and Drosophila as in the fungi. 
G. COMPLEX CROSSES 
A mating heterozygous for two genes produces four types of progeny; 
one heterozygous for three genes produces eight types of progeny, and 
when the mating is heterozygous for four genes, 16 types of progeny ap-
pear. If a mating is made between a multiple mutant stock which is 
assumed to be a single mutant or between a heterokaryotic stock which 
is assumed to be homokaryotic, much difficulty is encountered in making 
the analysis. Both problems often arise simultaneously. For example, a 
single ascospore culture which was a markedly clean-cut mutant was / 
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mated by a supposedly homokaryotic normal stock. This normal stock 
was actually heterokaryotic for peach, clump, and normal (33). The 
single ascospore mutant culture was actually a double mutant, gap-dirty. 
Fifteen types of progeny were obtained when only two were expected. 
An entire summer was required, but the analysis was successfully com-
pleted and confirmed. The most important factor in making the analysis 
possible was the knowledge that any given mutant is always segregated 
with a fundamental 1: 1 ratio so that in any ascus half of the spores carry 
the mutant gene and half carry its normal allel. 
H. COMPETITION WITHIN THE ASCUS 
A peculiar complication is developmental competition between dif-
ferent genotypes within the ascus (32). When a zygote is heterozygous 
for a gene which produces a very rapidly growing phenotype and also 
heterozygous for a gene which produces a very slowly growing pheno-
type, the vigorous phenotypes may ripen ahead of the slowly growing 
phenotypes. This may result in only four spores ripening because the 
slowly ripening spores have been deprived of nutrients. An example 
follows: both pale and smooth are slow growers, while fluffy stocks are 
extremely vigorous and rapid growers. When pale-fluffy was mated to 
smooth, segregation produced some asci containing the four genotypes 
fluffy, pale-fluffy, smooth, and smooth-pale. In such an ascus only the 
fluffy spores ripen, and the others are too slowly developing to obtain 
nutrients to enable them to ripen. In these asci only the two fluffy spores 
turn black, while the other six are colorless (aborted) and fail to ripen. 
It is a routine practice to test for such competition by dissecting asci 
containing unripe spores. 
ADVANTAGES OF NEUROSPORA 
The short life cycle of Neurospora offers special advantages in genetic 
analysis, for mature progeny can be obtained in from two to three weeks 
after a mating has been made. These cultures can then be kept for many 
months and studied in every stage of development. They can be replanted 
on a variety of substrates for study under different environmental con-
ditions. By transfer of conidia, as many copies of a single ascospore cul-
ture can be made as desired. 
The expense of fungal genetics is much less than that of other forms 
of plant genetics. Practic'ally the only cost is for test tubes and nutrients. 
Since the plants are haploid, there is no obscuring effect of dominance 
and recessiveness. This is comparable to growing mature plants and ani-
mals from pollen grains or sperm. Each haploid ascospore has an identical 
twin which serves as a check on its phenotype. 
The maintenance of stocks is very simple. Ascospores can be put 
away under the proper conditions of storage for an indefinitely long time 
and r evived whenever needed. We have often recovered cultures that 
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have been stored without attention for as long as five years. Coenocytial 
structure and hyphal fusions open up the possibility of experiments on 
the effect of mixtures of different types of cytoplasms and nuclei. 
TETRAD ANALYSIS 
The collection of the four genotypes produced by the reduction of a 
single spore mother cell is most easily carried on with the fungi. This is 
especially important in the study of crossing-over because it eliminates 
the necessity of inference and permits direct observation of the genotypes 
of the four chromatids produced. Tetr'ad analysis with Neurospora has 
resulted in considerable alteration of rather well-established concepts 
concerning the mechanism of crossing-over. It was previously thought 
that exchanges between the four chromatids occurred at random, but it 
has been shown that these exchanges occur in a specific nonrandom man-
ner in relation to the various regions concerned. The study of crossing-
over by tetrad analysis has not resulted simply in confirmation of old and 
well-established principles, but has revolutionized the concept. 
The fact that the reduction division occurs in a long, narrow tube, 
makes it possible to distinguish first from second-division segregation of 
any given pair of allels. The spores lie in the ascus in six different pat-
terns, two of which result from first-division segregation and four of 
which result from second-division segregation. The work on Neurospora 
conclusively established the fact that second-division segregation is the 
result of a cross-over occurr ing between the centromere and the locus of 
the allel in question (36) . 
X-RAY AND ULTRAVIOLET INDUCED MUTATION 
The spermatia of Neurospora are well adapted to radiation experi-
ments, for they are much smaller than pollen grains. A smaller propor-
tion of incident radiation is absorbed by structures comparable to the 
wall of the pollen grain, because the walls of the spermatia are extremely 
thin; an adaptation to fit them to their primary function of fusing with 
the trichogynes of the bulbils. The uninucleate spermatia were obtained 
from the nonconidial variant which produces spermatia although it does 
not produce conidia. These nonconidial variants are very readily affected 
by the presence of modifying genes and, therefore, provide an excellent 
background for the detection of mutation. When a culture was obtained 
as a result of treatment, which was obviously different from the original 
nonconidial variant, it was mated to the wild-type tester strain, and four 
types of progeny were usually obtained corresponding to the double 
mutant, nonconidial mutant, the new mutant, and wild-type. Chromo-
somal aberrations were revealed by the abortion of certain ascospores 
in the ascus. Some ultraviolet mutations were found to be simple gene 
changes; some X-ray gene mutations were associated with chromosomal 
aberrations. In addition, ultraviolet induced degenerate phenotypes 
which did not yield to genetical analysis. 
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SUMMARY 
The use of the fungi for genetical experiments depends on under-
standing the nature of the plant structure. Although haploid inheritance 
is fundamentally the same as diploid inheritance, its manifestations are 
markedly different. Examples of some of these peculiar manifestations 
are given to clarify the problem. Understanding the problem makes a 
simple direct approach possible. The fruitfulness of the fungi in genetical 
analysis is shown by specific examples of their use in the study of crossing-
over, and the induction of mutation. 
BIBLIOGRAPHY 
1. AMEs, L. M. 
1934. Hermaphroditism involving self-sterility and cross fertility in the 
ascomycete Pleurage anserina. Mycologia 26: 392-414. 
2. COLSON, B. 
1934. The cytology and morphology of N eurospora tetrasperma. (Shear & 
Dodge). Ann. Bot. 48:211-224. 
3. BULLER, A. H. R. 
1930. The biological significance of conjugate nuclei in Coprinus lagopus and 
other hymenomycetes. Nature 126: 686-689. 
4. DODGE, B. 0 . 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
1927. Nuclear phenomena associated with heterothallism and homothallism 
in the ascomycete Neurospora. Jour. Agr. Res. 35: 289-305. 
1928. Production of fertile hybrids in the ascomycete Neurospora. Jour. 
Agr. Res. 36: 1-14. 
1928a. Unisexual conidia from bisexual mycelia. Mycologia 20: 226-234. 
1929. The nature of giant spores and segregation of sex factors in Neurospora. 
Mycologia 21: 222-231. 
1930. Breeding albinistic strains of the Monilia bread mold. Mycologia 
22:9-38. 
1932. Heterothallism and hypothetical hormones in Neurospora. Bul. Tor. 
Bot. Club 58:517-522. 
1932a. Crossing hermaphroditic races of Neurospora. Mycologia 24: 7-13. 
1932c. The non-sexual and the sexual functions of microconidia of Neuro-
spora. Bul. Tor. Bot. Club 59:147-160. 
1934. A lethal for ascus abortion in Neurospora. Mycologia 26: 360-376. 
1935. A recessive factor lethal for ascospore formation in Neurospora. Bui. 
Tor. Bot. Club 62:117-128. 
1935. The mechanics of sexual reproduction in Neurospora. Mycologia 
27: 418-438. 
15. 
16. 
17. 
18. 
FUNGI IN GENETICAL ANALYSIS 289 
1936. Facultative and obligate heterothallism in Ascomycetes. Mycologia 
28: 399-409. 
1936. Reproduction and inheritance in Ascomycetes. Science 83: 169-175. 
1936. Interspecific hybrids involving factors for ascus abortion in Neuro-
spora. Am. Jour. Bot. 23: 555-561. 
1936. Spermatia and nuclear migrations in Pleurage anserina. Mycologia 
28: 284-291. 
19. , AND BERNICE SEAVER 
1938. The combined effects of the dominant and the recessive lethals for 
ascus abortion in Neurospora. Am. Jour. Bot. 25:156-166. 
20. 
1940. Second-division segregation and crossing-over in the fungi. Bul. Tor. 
Bot. Club 67: 467-476. 
21. DRAYTON, F. L. 
1932. The sexual function of the microconidia in certain discomycetes. 
Mycologia 24: 345-348. 
22. HARPER, R. A. 
1905. Sexual reproduction and the organization of the nucleus in certain 
mildews. Carnegie Inst. Wash., Puhl. 37. 
23. HARDER, R. A. 
1927. Zur Frage nach der Rolle von Kern und Protoplasma in Zellgeschehen 
und bei der Uebertragung von Eigenschaften. Zeit. Bot.19:337-407. 
24. KEEPING, E. s. 
1939. Nuclear migration in Gelasinospora. Third Int. Cong. for Micro-
biology, p. 541. Waverly Press. Baltimore. 
25. KOHLER, E. 
1930. Zur Kenntnis der vegetativen Anastomosen der Pilze. Planta 10: 495-522. 
26. LINDEGREN, CARL c. 
1932. The genetics of Neurospora-I. The inheritance of response to heat-
treatment. Bul. Tor. Bot. Club 59: 85-102. 
27. 
28. 
29. 
30. 
31. 
32. 
1932. The genetics of Neurospora-II. Segregation of the sex factors in the 
asci of N. crassa, N. sitophila, and N. tetrasperma. Bul. Tor. Bot. Club 
59: 119-138. 
1933. The genetics of Neurospora-III. Pure bred stocks and crossing-over 
in N. crassa. Bul. Tor. Bot. Club 60: 133-154. 
1934. The genetics of Neurospora-IV. The inheritance of tan versus normal. 
Am. Jour. Bot. 21:55-65. 
1934. The genetics of Neurospora-V. Self-sterile bisexual heterokaryons. 
J our. Genetics 28: 425-435. 
1934. The genetics of Neurospora-VI. Bisexual and akaryotic ascospores 
from N. crassa. Genetica 16: 315-320. 
1935. The genetics of Neurospora-VII. Developmental competition between 
different genotypes within the ascus. Z. £. Induk. Abs. u. Ver. 118:331-335. 
290 CARL C. LINDEGREN 
33. 
1936. A six-point map of the sex-chromosome of Neurospora c:rassa. Jour. 
Genetics 32: 243-256. 
34. 
1936. Heterokaryons and hormones in Neurospora. Am. Nat. 120: 404-405. 
35. 
1936. The structure of the sex-chromosome of Neurospora crassa. Jour. 
Heredity 27: 250-259. 
36. , AND GERTRUDE LINDEGREN 
1937. Non-random crossing-over in Neurospora. Jour. Heredity 28:105-113. 
37. , AND MARY ALLAN ScoIT 
1937. Formation of the ascospore wall in Neurospora. LaCellule 155: 361-371. 
38. , AND SIEGFRIED RUMANN 
1938. The chromosomes of N eurospora crassa. J our. Genetics 36: 395-404. 
39. , AND GERTRUDE LINDEGREN 
1939. Non-random crossing-over in the second chromosome of Neurospora 
crassa. Genetics 24: 1-7. 
40. , VIRGINIA BEANFIELD, AND ROBERTA BARBER 
1939. Increasing the fertility of Neurospora by selective inbreeding. Bot. 
Gaz. 100: 592-599. 
41. SCHOENFELDT 
1935. Entwicklungsgeschichtliche Untersuchungen bei Neurospora tetra-
sperma and Neurospora sitophila. Z. I. A. V. 69: 193-209. 
42. SHEAR, c. L., AND B. 0. DODGE 
1927. Life histories and heterothallism of the red bread-mold fungi of the 
Monilia sitophila group. Jour. Agr. Res. 34: 1019-1042. 
43. ZICKLER, HANS 
44. 
45. 
46. 
1934. Genetische Untersuchungen an einen heterothallischen Askomyzeten 
(Bombardia lunata, Nov. spec.). Planta 22: 573-613. 
1933. Rassenkreuzungen bei Askomyzeten. Senkenbergiana. 15: 160-164. 
1937. Die Vererbung des Geschlechts bei dem Askomyzeten-Bomba1·dia 
lunata Zckl. Zeit. f. Induk. Abst. u Vererbung. 73: 403-408. 
1937. Die spermatienbefruchtung bei Bombardia lunata. Berichten der D. 
Bot. Gesellschaft 55: 114-119. 
LEVULOSE FROM CHICORY, DAHLIAS, AND ARTICHOKES1 
E. s. HABER, w. G. GAESSLER, AND R. M. HIXON' 
From the Subsecti<mS of Vegetable Crops and Plant Chemistry, 
Iowa Agricultural Experiment Station 
Received June 22, 1941 
In order that levulose may be produced at a low price, it will be 
necessary that the raw product, agricultural crop, can be produced easily 
and at a low cost. The levulose content of a species of plant, if it is to 
be used as a commercial source, must be high. Some of the levulose-
yielding plants include the dahlia, chicory, dandelion, Canadian thistle, 
goldenrod, grasses, Jerusalem artichoke, wild onion, etc. The low levulose 
conteat of some of the plants eliminates them from serious consideration 
as a commercial source of levulose. Propagation, cultivation, and harvest-
ing problems eliminate others. The dahlia, chicory, and Jerusalem arti-
choke seem to be the most promising because of levulose content, and 
because the agronomic problems involved in their production are not too 
serious. 
AGRONOMIC PHASE 
In 1939, dahlias, chicory, and artichokes were grown at Ames in loam 
and in Hancock County in deep peat soil. About 600 pounds per acre 
of superphosphate were applied to the soil at Ames for the three species. 
About 800 pounds per acre of an 0-9-27 fertilizer were applied to the 
peat soil. Tons per acre of chicory were greater from peat than from the 
loam. Dahlias produced about the same amount on both soils. Artichoke 
plants produced tubers about the size of marbles in the peat soil. No 
doubt the temperature of this deep peat was too low, so that the plants 
grew slowly and frost killed the "tops" while tubers were small. 
In 1940, dahlias, chicory, and artichokes were planted in loam at 
Ames, but only the dahlias and chicory were planted in the peat since 
the artichokes failed to produce tubers in peat the year before. Without 
exception the levulose content was higher in chicory roots grown in the 
peat soil in both years. Although chicory is a biennial, some plants pro-
duce seed stalks the first season grown. Yield of levulose from such roots 
was equal or better in the Magdeburg variety than in nonblooming plants. 
In 1939 about 90 per cent of the Magdeburg variety produced flower stalks; 
in 1940 about 50 per cent of the plants produced flower stalks. In Fredonia 
and Silicion Half-Long varieties of chicory, about 10 per cent produced 
flower stalks ijf1939, and about 5 per cent in 1940. Although the levulose 
content did not appear to be affected by this, it is undesirable from the 
1 Journal Paper No. J-892 of the Iowa Agricultural Experiment Station. Project 
648. 
' Research Associate Professor of Vegetable Crops, and Research Associate Profes-
sor and Research Professor of Plant Chemistry, respectively. 
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agronomic standpoint, since the stems are tough and woody at harvest, 
which makes them more difficult to "top." 
Dahlia varieties were not consistent. In some cases tuberous roots 
in the peat soil produced more sugar than the same variety in loam, and 
in other cases the reverse was true. Many of the dahlia varieties produced 
such small or so few tubers that the yield of levulose per acre was low. 
Jane Cowle, Yellow Duke, Dwarf Unwin, and Dwarf Coltness were the 
only varieties producing a satisfactory yield of tubers. The Unwin and 
Coltness Hybrids have short dwarf plants so that they can be planted 
close together. About 15 tons per acre of tubers of these varieties were 
secured, but in both years the percentage of levulose was too low. 
No accurate yields by means of replicated plots were taken in either 
year, but approximate yields taken from one-tenth acre of each are given 
below. 
Chicory 
TABLE 1 
YIELDS PER ACRE 
Loam .. .. . . . ... .. .. .. ..... . . . . . . . . . . . . . . . . . .. . . . . . . . .. . ... . 
Peat . . .. .... .. ......... . ... .. .. . ... . .. .. . . . . ........... . .. . 
Artichokes 
Sibley strain-loam .......... . . . ..... .. ...... . . . .. . ........ . 
Dahlias 
Jane Cowle--loam . ............. .. .. ... .. .. ..... . . . . .... . .. . 
Yellow Duke--loam ... . . . .. .. . . . . . . ..... . ... .. . . .... . .. . .. . 
Unwin- loam ... . · .. .. . .. .... . . . ...... . .. .. .. . ......... ... . . 
Coltness---loam .. .. .. .. . .... . . ... . ... ... . ... . . .. . . . . . ... . .. . 
Jane Cowle--peat ... . . ... . .. .. ............. ..... ... . ..... . . 
Yellow Duke--peat .. .... . . . ... .. . . . . . .. ... . .. . . .... .. . . . . . . 
Unwin-peat ... ..... ....... . . .. . . ..... . ... .. ... . . . .. . .. .. . . 
Coltness---peat ..... . .. . .... ... .. . ... .. ... ... . . .. .. . . .. ... . . 
1939 1940 
Tons Tons 
10 12 
13 15 
12 15 
10 10 
8 10 
12 12 
12 12 
12 8 
10 10 
15 15 
15 15 
From results secured in tests for two years, chicory seems to be easier 
and cheaper to produce from the agronomic standpoint. Of the varieties 
of chicory tested, Fredonia and Silicion Half-Long are better than Witloof 
or Magdeburg. Yields of chicory per acre compare favorably with sugar 
beets, and the levulose content is consistently higher, especially when 
grown in peat, than that of dahlias or artichokes in either loam or peat. 
Advantages and disadvantages of each encountered in Iowa as an 
agricultural crop and source of levulose are given below. 
ARTICHOKES 
Advantages as a source of levulose. 
a. Large yields of tubers per acre are secured. 
b . Levulose content is high in some varieties. 
c. The crop is adapted to many types of soils. 
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Disadvantages. 
a. Difficult to harvest because tubers of most varieties are produced 
on long stolons, a considerable distance from the crown or stem 
of the plant. When digging the crowns, many of the tubers are 
left in the ground on both sides of the furrow slice, necessitating 
at least three plowings to each row. 
b. Tops of the plants are difficult to handle at harvest. Tops can be 
cut with a corn binder, but this leaves an immense amount of 
material which must be removed from the field before digging 
can commence. 
c. Tubers left in the ground at harvest produce volunteer plants the 
following season which necessitate frequent cultivations to de-
stroy them. If shoots from the tuber are destroyed, new shoots 
will appear above ground several times. 
d. The stolons do not break readily from the crown of the plant, 
which necessitates hand pulling to remove the tubers. 
e. Storage conditions for tubers are exacting. Storage at a tempera-
ture near the freezing point is the only successful method of keep-
ing a large percentage of the tubers free from rot and shriveling 
for any length of time after they are dug. The poor storage quality 
of the tubers has an important bearing on any plan to use them 
for industrial purposes or from an agricultural standpoint where 
tubers for propagation the following season are necessary. 
The Jerusalem artichoke can be planted with a potato planter. One-
ounce seed pieces with one or two eyes are sufficiently large to produce 
strong-growing plants. The ground can be harrowed after the weeds 
start without injury to the young plants. One cultivation may be neces-
sary between rows when the plants are 6 to 12 inches high. The plants 
grow so large and dense that all weeds are eliminated by shade after 
that. Harvesting is costly because "tops" must be removed from the 
field. A potato digger will not shake the tubers from the crown of the 
plant. 
DAHLIAS 
Advantages as a source of levulose. 
a. Fair yields of tuberous roots can be secured per acre. 
b. The volume of the tops of the plants to be removed is not as 
serious as with artichokes. 
c. All tuberous roots can be lifted from the soil in one furrow slice. 
d. If tuberous roots are missed or left in the ground, volunteer 
plants do not appear the following season in northern United 
States. 
Disadvantages. 
a. It is not a good Corn Belt crop since yields are drastically reduced 
even by short periods of heat or drouth. In other words, it is too 
sensitive to adverse weather conditions. 
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b. Yields of levulose are too low under Iowa conditions to use it as 
a source of levulose commercially. 
c. The volume of tuberous roots to carry over in storage for propaga-
tion the next year is too large and storage conditions necessary 
for the material are too exacting for average farm conditions if 
dahlias were grown as an agricultural crop on a large field scale. 
Dahlia tubers cannot be planted with a potato planter because of 
the large size of many tubers. However, they can be dug with a potato 
digger. Tubers saved for propagation would have to be stored, attached to 
the stem. The tubers shrivel quickly when exposed to the air. They will 
not store without break-down near the freezing point. At 40°F. or 45°F., 
wrapping each clump in paper is the best method to prevent shriveling. 
This would not be practical on a large scale. Preliminary storage investi-
gations in the winter of 1939-40 of propagating stock showed that dahlia 
tuber clumps stored in dry sand at 40°F. did not shrivel. This would 
necessitate a large amount of storage space for propagation the following 
year. Tubers wrapped in glass wool shriveled so this would not be a satis-
factory storage medium. 
CHICORY 
Advantages as a source of levulose. 
a. Easily propagated from seed. 
b. Yields of tubers high. 
c. Levulose content fairly high. 
d. Roots easily harvested. 
Disadvantages. 
a. Hand labor, such as weeding and preparation of seed bed, is 
greater than with artichokes, dahlias, or sugar beets. 
b. Roots are smaller than sugar beets, but allow closer spacing, so 
that yields equal to sugar beets can be secured; however, this 
increases the cost of topping over that of sugar beets because a 
larger number of roots per acre must be handled. 
c. Harvesting of all roots in the field is necessary, thus eliminating 
volunteer plants the following season. The plant is a biennial, and 
will grow again the following year unless harvesting is complete. 
Chicory is propagated from seed, which eliminates the problem of 
storage of large quantities of propagating material as with the artichoke 
and dahlia. Weeding and "topping" the roots at harvest would be a little 
more costly than with sugar beets. Harvesting costs would be far less than 
with artichokes. 
CHEMICAL PHASE 
ANALYTICAL PROCEDURE AND RESULTS 
Several of the tubers of different sizes were selected to make a 
representative sample. They were washed with a brush to remove 
adhering soil. The washed tubers were then dried with paper towels to 
remove all the excess moisture. Care must be taken during washing and 
drying not to remove the skin of the tubers. 
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The tubers were cut in half and shredded by means of an ordinary 
household corrugated cabbage shredder. About one-half pound of this 
wet material was required for analysis. The shreds were spread in a 
thin layer on a coarse screen and placed in a warm-air dryer. Air at 
about 50-55°C. was blown over the material until it was dried and crisp 
on cooling. This process took about 24 to 48 hours. The air-dried material 
was ground in a Wiley mill to about 40 mesh and stored in Mason jars. 
Moisture determinations were made on the air-dried material, and 
total moisture was determined as follows: Small thin sections were cut 
out of several different-sized tubers and weighed. The weighed material 
was dried in a vacuum oven to constant weight. 
The survey reported herein was made in 1939 and 1940 with the idea 
of ascertaining whether these plants contained sufficient levulose to be 
used as a commercial source. 
Levulose Determination: The procedure followed was that used by 
Norman, Wilsie, and Gaessler.3 
Glucose Determination: Total reducing value was determined on an 
aliquot from the same solution prepared for the levulose determination. 
This aliquot was taken immediately preceding the sodium hypoiodate 
oxidation of the glucose sugars. The value obtained in this manner by 
the Shaffer and Somogyi method4 and expressed as percentage of total 
reducing sugars, minus the percentage of levulose, gave the percentage of 
glucose. 
Moisture and Total Nitrogen: Moisture of the air-dried sample and total 
nitrogen were determined by the Official Methods.5 
Results of analyses are given in Tables 1 and 2. 
In 1939, analyses were made on eighteen dahlia, nine artichoke, and 
eight chicory samples. On a wet basis the levulose content varied from 
5.09 per cent to 12.09 per cent for the dahlia samples; from 3.34 per cent 
to 17.14 per cent for the chicory samples, and from 3.70 per cent to 
6.55 per cent for the artichoke samples. The glucose-levulose ratio varied 
from 0.08 to 0.30 for the dahlia samples; from 0.14 to 0.33 for the chicory 
samples, and from 0.20 to 0.42 for the artichoke samples. The higher 
values for chicory were all from samples grown on peat soils. 
In 1940, analyses were made on sixteen dahlia, nine artichoke and 
six chicory samples. On a wet basis the levulose content varied from 
2.95 per cent to 12.32 per cent for the dahlia samples; from 13.00 to 18.06 
per cent for the chicory samples, and 8.40 to 17.64 per cent for the arti-
choke samples. The glucose-levulose ratio varied from 0.00 to 0.16 for the 
dahlia samples; from 0.08 to 0.14 for the chicory samples, and from 0.10 to 
0.37 for the artichoke samples. The higher values for the chicory again 
were all from samples grown on peat soils. 
• Norman, A. G., C. P . Wilsie, and W. G. Gaessler. The fructosan content of some 
grasses adapted to Iowa. Iowa State College Jour. of Sci. 15: 301-305. 1941. 
• Shaffer, Phillip A., and Michael Somogyi. Copper-iodometric reagents for sugar 
determination. Jour. Biological Chem. 45:695-713. 1933. 
• Association of Official Agricultural Chemists. Methods of analysis. Pp. 227-84. 
Washington, D. C., 1930. 
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TABLE 2 
LEVULOSE IN ARTICHOKE, CHICORY, AND DAHLIA GROWN IN 1939 
PCTG. LEVULOSE GLUCOSE NITROGEN GLUCOSE-
TOTAL LEVULOSE 
IDENTIFICATION MOISTURE Oven Wet Oven Wet Oven Wet RATIO 
peat ........... ....... ....... ....... 
Artichokes• 
. ...... ...... ...... . ..... . ...... 
Ames seedling 74.01 22.54 5.86 5.41 1.41 2.47 .645 .241 
Oregon strain ... 80.01 26.63 5.33 6.37 1.27 1.96 .392 .239 
Purple Girasole 76.92 26.03 6.01 5.12 1.18 1.68 .388 .197 
Sibley strain .. .. 81.91 20.43 3.70 8.51 1.54 2.47 .447 .416 
Seedling No. 3 .. 79.67 22.35 4.54 6.79 1.38 2.45 .498 .304 
U.S.D.A. 27081 .. 81.74 21.02 3.84 6.94 1.27 2.29 .418 .329 
Seedling No. 7 75.90 20.75 5.01 7.86 1.98 2.29 .552 .378 
Seedling No. 8 .. 76.92 22.03 5.09 7.08 1.64 2.34 .542 .321 
Seedling No. 13 75.32 26.50 6.55 5.22 1.29 2.23 .550 .197 
Chicory 
Fredonia-Ames . 78.24 25.75 5.60 5.09 1.11 1.16 .253 .198 
Fredonia-peat .. 73.68 64.80 17.04 9.66 2.54 .95 .250 .149 
Magdeburg-
Ames 
········· 
76.33 24.10 5.70 4.70 1.12 1.45 .315 .196 
Magdeburg-peat 68.37 54.28 17.14 11.87 3.75 1.23 .388 .219 
Magdeburg 
seeded-Ames . 73.39 22.80 6.07 7.58 2.02 1.29 .339 .332 
Silicion-Ames .. 77.53 26.15 5.89 3.77 .84 1.25 .278 .143 
Silicion-peat ... ....... 
······· 
....... . ...... ...... . ..... ...... . ...... 
Witloof-Ames .. 79.82 21.45 4.34 5.59 1.13 1.23 .327 .261 
Witloof-peat ... 68.84 48.75 15.23 13.29 4.12 1.37 .427 .272 
Dahlias 
Gertrude 
Britton-
Ames ......... 85.68 43.10 6.18 6.94 .99 3.05 .431 .161 
Jane Cowle-
Ames 
········· 
84.91 52.78 7.98 7.37 1.11 1.72 .258 .140 
Jane Cowle-
peat .......... 80.89 54.40 10.42 12.69 2.42 1.45 .277 .233 
Coltness-Ames 87.06 56.68 7.33 8.29 1.05 2.02 .262 .146 
Coltness-peat 
Decorative-Ames 85.79 47.30 6.88 7.64 1.09 2.19 .299 .161 
Golden Eclipse-
Ames ......... 83.02 46.70 7.94 9.35 1.60 2.21 .375 .200 
Nathan Hale-
Ames ......... 80.76 48.55 9.36 14.80 2.90 1.82 .351 .305 
Jean K:err-Ames 86.68 45.60 6.08 6.43 .86 2.06 .275 .141 
Lake-Ames ... . ....... ....... ....... . ...... ...... . ..... ...... . ...... 
Jim Moore-Ames 86.49 62.30 8.38 9.36 1.27 2.78 .376 .150 
Mixed tubers-
Ames ........ . ....... ....... ....... . ...... ...... . ..... 
·· ···· 
. ...... 
Pompon-Ames 80.12 55.23 10.98 4.76 .95 2.62 .522 .086 
Seedling No. 1-
Ames ......... 85.42 59.30 8.63 7.39 1.08 1.56 .228 .125 
Seedling No. 2 
Ames ......... 83.37 58.30 9.71 7.63 1.27 2.16 .359 .131 
Seedling No. 3-
Ames .... ..... 79.55 58.85 12.09 6.97 1.40 1.94 .398 .115 
Unwin-Ames .. . 81.34 54.10 10.09 7.47 1.40 1.77 .331 .138 
Unwin-peat .... 84.10 48.55 7.72 11.92 1.89 2.24 .356 .246 
Mrs. Warner-
Ames ......... 85.35 34.75 5.09 5.40 .79 2.54 .372 .156 
Mrs. Warner-peat 84.19 43.53 6.87 7.21 1.14 2.14 .338 .165 
Yellow Duke-
Ames ....... .. 84.81 57.00 8.68 7.52 1.14 2.20 .334 .132 
Yellow Duke-
peat .......... ....... 
······· 
.... ... ....... ...... . ..... ...... . ...... 
• All artichoke varieties were grown at Ames. 
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TABLE 3 
LEVULOSE IN ARTICHOKE, CmCORY, AND DAHLIA GROWN IN 1940 
PcTG. 
TOTAL LEVULOSE GLUCOSE NITROGEN GLUCOSE-
IDENTIFICATION Mois- LEVULOSE 
TURE Oven Wet Oven Wet Oven Wet RATIO 
Artichokes• 
Ames seedling .......... 68.50 56.04 17.64 6.08 1.91 2.110 .665 .108 
Oregon strain 
········· .. 
77.40 52.90 11.96 10.90 2.46 1.954 .441 .257 
Purple Girasole ......... 76.77 46.17 10.74 7.76 1.80 2.010 .467 .168 
Sibley strain ............ 80.07 52.32 10.42 19.35 3.86 2.339 .466 .370 
Seedling No. 3 ........... 80.08 42.16 8.40 12.05 2.40 2.178 .434 .286 
U.S.D.A. 27081 .......... 77.76 50.69 11.27 13.85 3.06 2.180 .485 .272 
Seedling No. 7 ..... . .. . . . 77.58 50.51 11.32 14.70 3.30 2.279 .515 .292 
Seedling No. 8 .......... 78.25 50.74 11.04 14.46 3.15 2.095 .456 .285 
Seedling No. 13 .......... 78.03 46.88 10.32 15.76 3.47 2.358 .518 .336 
Chicory 
Fredonia-Ames ......... 77.59 61.57 13.80 7.32 1.64 1.000 .224 .119 
Fredonia-peat .......... 74.43 67.29 17.20 5.36 1.37 1.031 .262 .080 
Magdeburg-Ames ....... 76.26 63.00 14.95 6.29 1.49 1.265 .304 .100 
Magdeburg-peat . . ...... 73.80 68.92 18.06 5.70 1.49 1.218 .319 .083 
Magdeburg-seeded-
Ames ........... ...... ...... ...... ...... ...... . .... . ..... ..... . ..... 
Silicion-Ames .......... 78.58 60.72 13.00 8.71 1.86 1.246 .267 .143 
Silicion-peat ........ .... 74.54 64.28 16.36 7.40 1.88 2.592 .659 .115 
Witloof-Ames . . ... .... .. . .. .. . ...... ..... . . ..... . .... ...... ..... . ..... 
Witloof-peat 
········ .... 
...... . ..... ...... ...... ..... .... .. ..... . ..... 
Dahlias 
Gertrude Britton-Ames 83.80 57.28 9.28 3.35 .54 2.718 .441 .058 
Jane Cowle-Ames ... ... 81.98 67.72 12.32 7.19 1.29 1.022 .184 .105 
Jane Cow le-peat ....... 87.02 52.57 6.83 6.37 .82 1.838 .239 .120 
Coltness-Ames ........ . 85.91 62.02 8.74 .16 .02 2.201 .310 .000 
Coltness-peat ........... 86.00 59.74 8.36 5.53 .77 2.212 .310 .092 
Decorative-Ames ...... ...... ...... . ..... ..... ...... ..... . ..... 
Golden Eclipse-Ames ... 85.66 59.94 7.54 4.47 .64 2.120 .304 .084 
Nathan Hale-Ames 86.66 51.67 6.70 5.13 .68 2.188 .292 .102 
Jean Kerr-Ames ........ 85.90 51.59 7.28 6.46 .91 2.354 .332 .125 
Lake-Ames ............. 90.99 32.82 2.95 4.37 .39 2.820 .254 .132 
Jim Moore-Ames 88.57 56.41 6.45 6.12 .70 2.065 .236 .109 
Mixed Tubers-Ames .... 83.36 64.30 10.69 5.47 .91 1.876 .312 .085 
Pompon-Ames .......... ...... ... ... ...... . ..... .. ... ...... .. ... . ..... 
Seedling No. 1-
Ames .......... ... .... . . . . .. ... .. . ...... 
······ 
..... . ..... ..... . ..... 
Seedling No. 2-
Ames . . . . . . . . . . . . . . . . ~ .... .. ...... ...... .. .... ..... ...... . .... ...... 
Seedling No. 3--
Ames ................. ..... . 
······ 
. ..... .. .. .. ..... ... ... .... . ...... 
Unwin-Ames ...... ..... 84.77 57.84 8.81 9.67 1.47 1.901 .289 .167 
Unwin-peat ......... ... 87.25 58.68 7.49 5.54 .70 2.049 .261 .093 
Mrs. Warner-Ames ..... 86.32 49.37 6.76 4.40 .60 2.376 .325 .089 
Mrs. Warner-peat .... .. . . .... ...... ...... ...... ..... . ..... . .... ...... 
Yellow Duke-Ames .... 86.86 57.78 7.60 1.92 .25 2.658 .349 .033 
Yellow Duke-peat ...... 85.49 53.93 7.82 6.61 .96 2.132 .309 .123 
• All artichoke varieties were grown at Ames. 
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The fox squirrel, Sciurus niger rufiventer (Geoffroy) ; is an important 
game animal found throughout Iowa, active the year around. In the 
proper management of a species there must be some reliable method by 
which knowledge of population fluctuations can be obtained. 
Goodrum (3) described several census methods used to determine 
squirrel populations in Texas. Chapman (2) and Baumgartner (1) out-
lined several census techniques applied to squirrel studies in Ohio. 
In selecting the area on which observations were to be made, it was 
thought advisable to choose a tract on which there was very little hunting. 
Although the influence of this factor was confined to open season during 
the fall months, elimination of this variable for the most part led to 
simpler interpretation of data. The area of investigation consisted of 250 
acres along Squaw Creek in Sections 29, 32, and 33, Franklin Township, 
Story County. Most of the area was subject to grazing by cattle, and the 
few ungrazed tracts did not have sufficient underbrush and second growth 
to interfere with enumeration. There were 100 acres of flood plain, chiefly 
a weedy pasture with American elm (Ulmus americana), silver maple 
(Acer saccharinum), and black walnut (Juglans nigra) as the dominant 
trees. The rough terrain consisted of 150 acres of wooded ridges and 
gullies. This tract supported chiefly an oak-hickory stand with a mixture 
of other trees of lesser importance. In this investigation two methods 
were used. The first can be termed simply a "linear" count which in-
volves use of a definite route of known width and length with tabulation 
of all individuals seen. The several routes used varied from 1/4 to 2 miles 
in length and varied in width depending upon seasonal factors, chiefly 
degree of defoliation. Selection of routes was made to include a wide 
variety of vegetation and of topographic contour. 
The second method is known popularly as the "spot" count. For this 
method two adjacent tracts of approximately 20 acres each were selected. 
Both were comparable as to vegetative types and topography. Each 
observation lasted 30 minutes. Four observations each half ·day were 
1 Abridged form of Master of Science Thesis, Library, Iowa State College. The 
research was under Dr. Geo. 0. Hendrickson, Iowa State College, and Thos. G. Scott, 
U. S. Fish and Wildlife Service. 
2 Journal Paper No. J-887 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 599. Fish and Wildlife Service (U. S. Department of the Interior), 
Iowa State College, Iowa State Conservation Commission, and the American Wildlife 
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TABLE 1 
RELATION BETWEEN TEMPERATURE AND SQUIRREL COUNTS 
Sr RING SUMMER FALL WINTER SEASONS COMBINED 
Squir- Hours Squir- Squir- Hours Squir- Squir- Hours Squir- Squir- Hours Squir- Squir- Hours Squir-
Temp. in re ls Obs. re ls re ls Obs. re ls re ls Obs. re ls re ls Obs. re ls re ls Obs. re ls 
Degrees F. Seen Time an Hr. Seen Time an Hr. Seen Time an Hr. Seen Time an Hr. Seen Time an Hr. 
1- 10 0 2 0 0 2 0 
11- 20 13 8 1.63 13 8 1.62 to:! 
21- 30 18 4.5 4.00 8 14.5 0.55 26 19 1.37 
t"' 
t"' 
..... 
rn 
31- 40 •••• • • • 1 10 10 1.00 28 9 3.11 5 4 1.25 43 23 1.87 ?" 
41- 50 20 10 2.00 16 11 1.46 2 2 1.00 38 23 1.65 = ..... 
51- 60 9 8 1.13 1 15 11.5 1.31 
(") 
2 0.50 5 1.5 3.33 ~ 
rn 
61- 70 8 8 1.00 17 12 1.42 7 12 0.58 32 32 1.00 
71- 80 36 27 1.33 3 8 0.38 16 6 2.66 55 41 1.34 
81- 90 12 14.5 0.83 7 10.5 0.67 19 25 0.76 
91-100 0 2 0 6 5 1.20 6 7 0.86 
Totals ........ . 1 95 79.5 34 37.5 90 44 28 30.5 247 191.5 ........ 
INVENTORY METHODS APPLICABLE TO THE FOX SQUIBREL 301 
made, with two observations occurring on one tract and two on the 
other. As far as possible, random selection of count spots was made at 
all times. 
Application of the census methods was directly affected at all times 
by several variables. There were definite preferences for certain vege-
tative types, especially in connection with food. The oak-hickory stands 
furnished a large portion of the food; hence, during feeding hours more 
squirrels were found in such areas than in stands of trees which did not 
furnish food. Preference for certain trees for construction of den nests 
and leaf nests also affected the amount of activity in various tree stands. 
Possibly topographic differences such as gully, ridge, or flood plain also 
had an effect on distribution of activity. Attempts were made to evaluate 
the effects of these factors. Undoubtedly, temperature was an exceed-
ingly important factor in determining the degree and possibly, to a lesser 
extent, the time of activity. In midsummer heat, strenuous and continued 
exertion was not nearly so common as during moderate temperatures. 
Extreme cold also had the effect of decreasing activity. In conjunction 
with temperature, another important factor was time of day at which 
observations were made. Possession of rather definite feeding hours, 
indicated by many of the animals, tended to group movements into a 
peak or peaks for the day. Lengthening and shortening daylight hours 
in accordance with the seasons controlled duration of activity. Other 
factors attributable to seasons were mating, rearing of young, and pre-
paring for winter. Here entered the influence of nest building and storing 
foods. Several meteorological factors had direct effects. Precipitation, 
either rain, sleet or snow, and high humidity in the form of fog or mist 
decreased the amount of movement noticeably, and high winds tended 
to decrease movement. As can be readily seen, the chief difficulty in 
analyzing each observation lies in the fact that almost every time there 
were several factors acting simultaneously. 
In an attempt to explain the relationship of temperature to animal 
activity, the data are presented in Table 1. An examination of the table 
indicates that the relationship of squirrels seen and observation periods 
is affected by factors other than temperature. Ratio values for fall, with 
an average variation of 1.85, are far more erratic than those for any other 
season. It is possible that these extreme variations are caused in part 
by such factors as nest building, gathering food supplies, and other prepar-
ations for winter. Spring, summer, and winter variations of ratio values, 
0.57, 0.70, and 0.68, respectively, are quite close together. Even with the 
latter three seasons there is so much variation among ratio values that no 
definite conclusions can be drawn concerning the effects of temperature 
alone upon squirrel activity. 
A consideration of ratio values for the various temperature brackets 
of all seasons combined shows some interesting trends. The average 
variation of ratio values for all seasons combined is 0.33. The ratio 
values rise rather abruptly to a maximum at the 31-40 degree tempera-
ture brackets and gradually decline with increase in temperature. 
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Although with some animals we often associate sunshiny weather 
with more pronounced activity, there is a certain fairly constant amount 
of activity regardless of the degree of clearness. Hunger is an impelling 
force to be satisfied, and neither sunshine nor clouds vary the amount 
of time spent in foraging as greatly as other activities of a minor nature. 
In regard to these other types of behavior, which may be included in the 
terms exploration, play, and loafing, cloudiness may exercise a direct 
influence. 
An examination of Table 2 shows that the ratio of squirrels seen 
hourly on cloudy days is lowest of the three tabulated ratios. Partly 
cloudy days yield a sizeable ratio increase, but the ratio increase from 
TABLE 2 
RELATION BETWEEN DEGREE OF CLOUDINESS, ANIMAL ACTIVITY AND OBSERVATION TIME 
No. of Obser- No. of Squirrels No. of Hours No. of Squirrels 
vatlon Periods Seen of Observation Seen an Hour 
Cloudy 
··· ···· ···· ·· 
100 (26.10% ) 47(19.05%) 50 0.94 
Partly cloudy .... .. 78(20.38% ) 47(19.05% ) 39 1.21 
Clear .. .. ... .... .... 205 (53.52% ) 153 (61.90% ) 102.5 1.49 
Totals .. ....... ·I 383 247 191.5 ... .. ..... .. . 
partly cloudy to clear it! almost identical with that from cloudy to partly 
cloudy. From these figures it is apparent that complete cloudiness does 
have an important effect upon the amount of squirrel activity. Rain, snow, 
mist, and other forms of precipitation would be expected to decrease activ-
ity. The figures for partial cloudiness indicate that intermittent sunshine 
tends to increase squirrel activity. The maximum amount of activity for 
unit of time is indicated on clear days. There has been mentioned previ-
ously the likelihood that degree of cloudiness does not affect feeding as 
greatly as other factors. However, observations indicate that such activities 
as playing and loafing are definitely affected by the degree of cloudiness. 
Consequently, cloudiness can be considered an important influence on 
squirrel activity as a whole. 
In attempting to account for the variations of ratio values given in 
Table 3, there are several factors which undoubtedly exerted some degree 
of influence on monthly squirrel activity. 
It will be noticed that the January ratio of squirrels seen for obser-
vation time is 0.67, a relatively low ratio. With February the ratio in-
creases to 1.00. Corresponding ratios for succeeding months fluctuate 
slightly below and above 1.00 until July. From February to June inclu-
sive, moderation of temperatures, increased variety of food supply, and 
brood care help to increase the amount of animal activity over that of 
January when cold snaps often serve as deterrents to squirrel movement. 
July witnesses a noticeable decrease which is yet discernible in August. 
Undoubtedly the major cause for this is midsummer heat and accompany-
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TABLE 3 
RELATION BETWEEN MONTH OF YEAR, TOTAL NUMBER OF OBSERVATION PERIODS, TOTAL 
NUMBER OF SQUIRRELS SEEN, TOTAL NUMBER OF ACRES OBSERVED, RATIO OF SQUIRRELS 
SEEN TO HOURS OF OBSERVATION TIME, AND RATIO OF SQUIRRELS SEEN TO 
ACREAGE OBSERVED 
Number of 
30-Minute Number 
Observation of Acres Squirrels Squirrels 
Periods Squirrels Observed an Hour an Acre 
Winter 
Dec. 21-31 .... ... . 3 5 109 3.33 0.05 
Jan. 
·············· 
18 6 114 0.67 0.05 
Feb. ... ... .... .... 20 10 125 1.00 0.08 
Mar. 1-20 ......... 20 7 125 0.70 0.06 
Totals •.•.••.•• 61 28 473 0.92 0.06 
Spring 
Mar. 21-31 .... .... 12 8 75 1.33 0.11 
Apr. .......... .... 42 25 232 1.19 0.11 
May .............. 71 37 122 1.04 0.30 
June 1-20 .. ...... 22 12 26 1.09 0.46 
Totals ..•.•.•.. 147 82 455 1.12 0.18 
Su.mm.er ,, 
June 21-30 ...... .. 24 16 42 1.33 0.38 
July ... ........... 8 1 12 0.25 0.08 
Aug. .............. 23 8 82 0.69 0.10 
Sept. 1-20 ........ 32 22 112 1.38 0.20 
Totals ........ 87 47 248 1.08 0.19 
Fall 
Sept. 21-30 ........ 12 6 18 1.00 0.33 
Oct. 
·············· 
42 39 136 1.86 0.29 
Nov. .............. 30 36 537 2.40 0.07 
Dec. 1-20 .. ....... 4 9 55 4.50 0.16 
Totals ••••••••• 88 90 746 2.04 0.12 
ing animal lethargy. With the approach of autumn, however, a con-
spicuous increase in animal activity is shown. The peak is reached in 
December, with a ratio value of 4.50. From September to December a 
major portion of the squirrels' time is devoted to foraging and laying in 
a supply of winter foods. Also at this time there is construction of twig-
and-leaf nests. Addition of the year's brood with an increased squirrel 
population is another factor to consider as effecting the greater ratio 
values. 
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An examination of the relationship between months and ratio of num-
ber of squirrels to acres observed shows that the months fall into two 
distinct categories. During January, February, March, April, November, 
and December, trees and shrubs are defoliated. This greatly increases 
range of vision with consequent increase of acreage values. This tends 
to keep the ratio values small. From May to October, inclusive, however, 
foliage delimits vision and the relatively small acreages surveyed during 
each observation period increase the ratio values. In the case of July 
and August, the decreased squirrel activity lessens noticeably the squirrel-
acreage ratios in spite of the comparatively smaller areas under obser-
vation. 
In Table 4 is shown the influence which time of day has on squirrel 
movement for both methods of inventory. A limited number of observa-
tions were made prior to 8: 00 A.M, and after 5: 00 P.M. At the morning 
observations, activity was noticed to increase gradually to the forenoon 
maximum. In late afternoon there was a continuation of the decrease in 
activity from the early afternoon peak. The high ratio values for the 
forenoon hours 8: 00-11: 00 contrast greatly wtih the low ratio values 
for the remainder of the day. Beginning at 11: 00 A.M. there is a sharp 
TABLE 4 
RELATION OF 'fiME OF DAY, NUMBER OF 30-MINUTE OBSERVATION PERIODS, NUMBER ·.)F 
SQUIRRELS, AND RATIO OF SQUIRRELS TO HOURS 
LINEAR METHOD SPOT METHOD 
TIME No. 30-Min. No. 30-Min. 
I OF Observation No. of Squirrels Observation No. of Squirrels DAY Periods Squirrels an Hour Periods Squirrels an Hour 
8- 9 . . . 10 9 1.80 33 34 2.06 
9-10 . .. 16 32 4.00 63 58 1.84 
10-11 ... 13 15 2.31 41 33 1.61 
11-12 . .. 2 1 1.00 5 1 0.40 
1- 2 .. . 12 9 1.50 22 10 0.91 
2- 3 .. . 22 13 1.18 62 8 0.26 
3- 4 .. . 17 8 0.94 42 7 0.33 
4- 5 ... 13 7 1.08 6 0 0.00 
drop in the ratio of squirrels seen to hours of observation. A slight 
increase is evident for the hour 1: 00 P.M.-2: 00 P.M., but after this time 
the values are relatively small. The linear method indicates the peak of 
activity for the forenoon as well as for the whole day occurs at 9 : 00 A.M.-
10: 00 A.M. The afternoon peak of activity is reached between 1: 00 P.M. 
and 2 : 00 P.M. With the spot method of inventory again are emphasized 
the high ratio values for the forenoon hours from 8: 00-11: 00. However, 
in use of the spot method the activity peak for the day occurs from 
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8: 00 A.M.-9: 00 A.M. instead of from 9: 00 A.M.-10: 00 A.M. as in the case of 
the linear method. Afternoon peak of activity for the spot method is 
included between 1 : 00 P.M.-2 : 00 P.M. as is true with linear count. Both 
methods emphasize the fact that there is much greater activity in the 
forenoon than in the afternoon. 
SUMMARY 
1. To learn something of the factors affecting activity of the fox 
squirrel, observations were made on a 250-acre timbered area in Story 
County over a period of 1.5 years. 
2. Two inventory methods known as linear count and spot count 
were used in the investigation. 
3. Use of these methods was greatly influenced by a large number 
of factors, namely, temperature, degree of cloudiness, topography, vege-
tative distribution and association, precipitation, season of year, hour of 
daily observation. 
4. Yearly observations indicate that the temperature bracket 31° F . 
to 50° F . was most conducive to squirrel activity. 
5. Much more activity occurred on clear days than on cloudy days. 
6. Seasonal division of data indicated that the peak of activity 
occurred in fall. Activity during each of spring and summer was about 
half that of fall, while winter mo~ement was slightly less than that in 
either spring or summer. 
7. The two methods of count substantiated each other in indicating 
the time of day during which squirrel activity was most pronounced. The 
peak of activity occurred from 8: 00 A.M-10: 00 A.M. with a minor surge 
from 1: 00 A.M.-2: 00 P.M. 
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THE GENETICAL AND MICROSCOPIC METHODS OF 
DEMONSTRATING THE EXISTENCE OF A NUCLEUS 
Because the nucleus is the fundamental biological structure, the 
visual demonstration of a bacterial nucleus is of basic importance from 
the standpoint of research which deals with the biology of bacteria. 
This fact has been brought into sharp focus by those studies in bacterial 
variation which are concerned primarily with the mechanism rather 
than the description of variation. There are two methods by which 
nuclei of higher forms have been shown to exist. These are the 
genetical and the microscopical methods. 
The genetical method uses data accumulated by studying the heredi-
tary transmission (or nontransmission) of variation in fungi and other 
plants and· animals. These data prove that a definite structure exists 
which carries the hereditary factors. This proof is based on purely 
mathematical grounds and is completely independent of microscopical 
demonstrations. These numerical data accumulated by genetical experi-
ments show that particles, called genes, are present in plants and animals, 
arranged in gene strings and that each string splits longitudinally at each 
cell division. The genes are the differentiators (rather than determiners) 
which give the different variants ("dissociants") of plants and animals 
their different characters. 
The microscopical demonstration of the nucleus shows that par-
ticles called chromomeres (generally supposed to correspond to genes) 
are arranged linearly in structures called chromosomes (correspond-
ing to the geneticist's gene strings). The chromosomes multiply by 
longitudinal division, and an equal half of each chromosome passes to 
each daughter nucleus. This circumstance identified the visible nucleus 
as the carrier of the hereditary factors and provided a physical structure 
which satisfied the geneticist's concept of the gene string. In the absence 
of such a visual demonstration the formal genetical concept of the gene 
string would have been applied without prejudice to all living forms 
including the bacteria. Geneticists familiar with the formal concept of 
the gene string and the function of the genes in transmitting hereditary 
variations feel safe in the generalization that such a structure is a 
universal characteristic of all living organisms, whether or not it may 
be morphologically demonstrable. The stability of the hereditary char-
acters of bacteria is evidence for the view that a gene string, essentially 
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similar to that found in other living organisms, is probably the principal 
governing agent in the heredity and variability of bacteria. 
The visual demonstration of a nucleus is easiest in forms with large 
cells and large nuclei, and biologists avoid study of small-celled plants 
and animals. Liliaceous plants and grasshoppers are preferred solely on 
the basis of nuclear size. Since size is the most important factor in this 
visual demonstration, forms as small as bacteria are extremely unfavor-
able cytological material. The most delicate phase of cytological tech-
nique involves the differentiation of the different internal components 
of the cell. Bacteriological staining, on the other hand, has been 
developed primarily as a technique of staining the entire cell, and 
bacteriologists have not generally used the standard cytological methods 
for distinguishing nucleus and cytoplasm. 
'TIIE PROBLEM OF PROVING THE EXISTENCE OF NUCLEI IN FUNGI 
Fungi are often considered to differ from bacteria by the possession 
of demonstrable nuclei, but in many fungi, it is practically impossible to 
demonstrate by microscopy that the vegetative nuclei are true nuclei 
(13). The vegetative nuclei of most fungi are merely very small, densely 
staining particles. Mitoses of these nuclei with demonstrable chromo-
somes have been observed, to my knowledge, in only two isolated cases. 
Dividing vegetative nuclei are visible only as minute dumbbell-shaped 
particles in which no details of structure can be differentiated. True 
nuclei can be seen in the fungi immediately before and after the time 
of sexual fusion. This fact has led to the supposition that the minute, 
densely staining granules in the vegetative hyphae are true nuclei, 
because they produce structures in the sexual phase which are identical 
with the nuclei of higher forms. Actually, the view that the fungi 
contain nuclei is merely a deduction from the generalization that all 
living things must contain nuclei. It is only the genetical evidence, which 
proves the gene strings maintain the genes in regular order throughout 
the period of vegetative growth, that clearly shows the dumbbell divi-
sions must have been mitotic divisions. In many fungi, a sexual stage 
has not been discovered and true nuclei cannot be seen. But these 
imperfect fungi transmit their hereditary characters with a high degree 
of constancy and produce variants in a manner similar to forms that 
are known to be nucleate, thus indicating that the hereditary mechanism 
is essentially similar for all fungi, even in those whose nuclei are so 
small that conclusions based on a study of the visible structures would 
be of questionable value. The close morphological relation of this type 
of fungus with bacteria and the similar degree of stability and variability 
in tr ansmission of hereditary characters justifies the postulation of the 
same sort of nuclear mechanism in bacteria, at least until some other 
and different mechanism can be demonstrated. 
"DIFFUSE" NUCLEI IN DROSOPHILA AND MAIZE 
It is often implied that if nuclei are present in bacteria, one should 
be able to demonstrate them cytologically in any bacterial cell. This 
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point ·of view is an exact parallel to the first objections that were made 
to the chromosome theory. The chromosome theory assumed that the 
chromosomes in higher plants and animals maintained their individuality 
in the resting nuclei although they were not demonstrable by microscopy 
at this stage. No rigid miscroscopical proof of the fact that the chromo-
somes, which reappear at each cell division, have maintained their 
individuality in the interim has ever been produced, and it is genetical 
data alone which proves that the gene string has remained intact 
throughout the life of the organism, whether or not it is encrusted with 
the chromatin which makes it visible. 
Since the connections between the chromomeres are not visible in 
the resting nucleus of higher forms, no chromosomes (gene-strings) are 
demonstrable at this time, but the geneticist justifies the assumption that 
such a nucleus contains gene-strings on the basis of the stability of the 
hereditary characters. Bacteria are similarly stable, and it is reasonable 
to assume a similar mechanism in bacteria. The absence of visible 
connections between the chromomeres in the resting nuclei of higher 
organisms, like Drosophila or Zea, makes all stained, resting stage nuclei 
look as if the chromosomes were "diffuse." Although the "diffuseness" 
of Drosophila chromosomes is no longer considered seriously, the opinion 
that bacterial nuclei are probably diffuse is often heard. The obvious 
objection to this view is that a nucleus is a structure whose principal 
function is to maintain intact the total complement of genes in a definite 
linear order, and any diffusion of such a structure renders it incapable 
of performing this special function. Genes free in the cytoplasm and 
separated from their neighbors would be unable to transmit the heredi-
tary characters with any constancy. If genes were free-living in the 
bacterial cytoplasm, the frequency of variation would be greater than 
anyone has hitherto encountered. 
Guillermond (2) has described what he calls "primitive" nuclei 
in Rhodothiobacteria and has confirmed the findings of the Hollandes 
with respect to similar structures in the anthrax and typhoid bacillus. 
Because these nuclei divided by simple constriction, without the forma-
tion of visible chromosomes or spindle fibers, he considered them to be 
nuclei of a primitive type. It is clear from the preceding discussion that 
if there is any connotation of random distribution of the hereditary 
materials in the word "primitive" as used by Guillermond, it is not a 
permissible descriptive term. Belar (1) showed that all the previously 
reported primitive protozoa! nuclei which he and other competent 
workers reinvestigated with modern fixing and staining techniques, 
showed true spindles and chromosomes. 
GENIC VERSUS CYTOPLASMIC HEREDITY 
Genetical work on higher forms has revealed that transmissable vari-
ation is principally controlled or differentiated by genes or gene-like plas-
tids. I have studied critically Jollos' (6) experiments on protozoa which he 
concluded were evidence of cytoplasmic inheritance. In this case gene 
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mutation probably explains the original variation; the reversions· were 
probably due to reverse mutations. I have reported similar cases in fungi 
and bacteria. Hadley (3) has recently again proposed that bacterial varia-
tion is cytoplasmic. But our interpretation of bacterial variation must be 
deductive, based on the generalization developed in the study of higher 
plants, animals, and fungi, and the prime generalization developed in this 
work is that the nucleus is the principal agent controlling heredity. This 
does not mean, however, that all bacterial variation is genie. Environ-
mental conditions produce modifications which disappear when the condi-
tions are altered. 
There are also truly cytoplasmic effects. In a recent revolutionary 
analysis of the genetics of yeasts, Winge and Laustsen (14) have shown 
that true cytoplasmic inheritance is experimentally demonstrable. This 
work is free from the errors encountered in Jollos' (6) earlier studies and 
is, in fact, the most pedect demonstration of a transmissable cytoplasmic 
effect at present available. These cytoplasmic effects principally involved 
reduced size and decreased fertility. 
In addition, Winge and Laustsen have demonstrated that rough and 
smooth colony form, cell shape, and the specific capacity to ferment certain 
sugars are definitely gene-controlled. These are the characters most fre-
quently used by bacteriologists in the study of bacterial variation. This 
conclusive analysis makes it reasonable to assume that in bacteria, these 
characters are similarly gene-controlled, or as Bridges would say, "gene-
differentiated." 
These considerations make it especially interesting to determine 
if structures can be demonstrated in bacteria which resemble standard 
chromosomes and nuclei. I have tried to make it clear, however, that one 
cannot expect such a demonstration to be without gaps, since even in 
higher plants and animals, no demonstration of the individuality and 
continuity of chromosomes and nuclei based on microscopy alone is 
available. 
SOURCE OF THE CULTURES 
The present paper deals with the nuclear apparatus and sexual 
mechanism of a non-acid-fast diplococcus-tetrad which Mellon, Fisher, 
and Richardson (12) described as a dissociant of the tubercle bacillus. 
This organism was obtained by filtering cultures of the tubercle bacillus 
and then planting the filtrate on agar plates and serially streaking 
from this first plate on to other agar plates. The cultures appearing on 
the plates after this procedure contained two dominant forms, a non-acid-
fast diplococcus-tetrad and an acid-fast diplococcus-diphtheroid. Both 
of these cultures when young are apparently pure cultures of diplococci. 
The tetrads and diphtheroids develop subsequently, hence, diplococcus-
tetrad and diplococcus-diphtheroid. In my hands the diphtheroids and 
tetrads maintained their purity and showed no tendency to transform into 
each other, but I pedormed no experiments aimed at transforming them. 
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The view that these bacteria are cyclo-stages of the tubercle bacillus was 
developed by Dr. Mellon, and my participation in this work was con-
fined to a cytological and genetical study of the diplococcus-tetrad. The 
genetical study (a series of three papers in Zeit. f. Bakt., 1935 and 
1936) concerned the mutation of normal to G-type colonies. A pre-
liminary paper on the cytology of this organism was published in 1932 
(Lindegren and Mellon (7) ) . The interpretation in the present paper 
is the result of much longer study and differs from that in the preliminary 
report. The photographs were made in Dr. Mellon's laboratory in 1933. 
In 1940, Miss Jane Cravens, in my laboratory at the University of 
Southern California, studied the internal structures of a bacterium 
isolated from the air. This organism was identified as Bergey's Micro-
coccus ochraceus by the various cultural and morphological criteria 
employed in the Manual of Determinative Bacteriology. Cytological 
study revealed various morphological forms with internal structures 
indistinguishable from those shown in the photographs (Figs. 1-28) made 
several years earlier in Dr. Mellon's laboratory with the organism isolated 
from the tubercle bacillus filtrates. Other cultures of Micrococcus ochra-
ceus showed these forms, which probably indicates that any culture of M. 
ochraceus will reveal similar structures. 
These facts have no bearing on whether or not Dr. Mellon's 
organism is a true cyclo-stage of the tubercle bacillus. This question can 
only be answered by a repetition of his experiments . . It does not seem 
to me that the fact that M. ochraceus is a sufficiently constant and stabil-
ized form to merit status as a species prejudices the question one way 
or another. There are numerous examples in the fungi where different 
phases of the same fungus are recognized by authorities as separate true 
species for many years until finally some investigator integrates these 
"cyclo-stages" into a single species. One difficulty in integrating M. 
ochraceus into any cycle is the frequency with which it occurs as an 
air-borne contaminant. Dr. Mellon has transformed the diplococcus-
diphtheroid into the R form of the tubercle bacillus but has not studied 
the diplococcus-tetrad (M. ochraceus) with this end in view. 
STAINING TECHNIQUE 
The preparations shown in the photographs were made as follows: 
A cover-glass was first smeared thinly with Mayer's albumen by putting 
an ' extremely small drop of albumen on the cover-glass and then 
spreading it with a clean, dry finger tip. A needle containing bacteria 
picked from a colony was then streaked thinly over the albumen. A 
drop of aceto-carmine was placed on a slide and the cover-glass inverted 
over it. For a study of the internal structures of bacteria this type 
of wet mount is essential, for dehydration and mounting in balsam 
causes so much shrinkage that most of the internal detail is lost. The 
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wet mount is heated gently and sealed with a mixture of gum mastic 
and paraffin. Such preparations will last about a month. 
Another stain gave comparable results. This was Barrett's haemo-
toxylin mixture (1 part 4% ferric ammonium sulfate, 1 part .5% haemo-
toxylin, 2 parts glacial acetic acid). The acetic acid in both these stains 
causes considerable swelling in addition to killing and fixing, and this 
is a niarked advantage. The magnification of the photographs in the 
figures is 3,900. 
ANALYSIS OF INTERNAL STRUCTURES 
The cultures whose "involution" forms are reported in this paper 
originated from single cell isolations of the large tetrads found in Dr. 
Mellon's cultures. These large tetrads (Fig. 27) were observed under 
the microscope to germinate directly by continued subdivision into 
small diplococci less than a micron in diameter (Figs. 1, 2, 3, 4, upper 
left) and produced cultures which at first contained only diplococci. 
No diphtheroids developed in any cultures. When the cultures were 
a few weeks old, they contained a few large coccoidal forms in addition 
to an abundant background of tiny diplococci. Several hundred single 
cell cultures were made from single diplococci, and in every case large 
coccoidal forms and macrotetrads arose in the cultures after an initial 
growth of tiny diplococci had occurred. A critical cytological study of 
these "involution" forms revealed that they contained structures closely 
resembling chromosomes and nuclei. 
The living diplococci have been observed dividing under the micro-
scope. In these divisions each new diplococcus originates from a single 
half of a preceding diplococcus. The alternative possibility, namely, 
that each diplococcus is produced from half of the upper and half of 
the lower parts of the parent diplococcus is excluded. In Figure 1, 
diplococci are shown before division. Figure 2 shows a dividing diplo-
coccus. The original plane of separation is horizontal, and the tetrad will 
split on this plane. The new plane is vertical. In Figure 3 the two 
new diplococci are swinging apart (Fig. 28, a, b, c). The ordinary 
vegetative diplococci which predominate in the early stages of growth 
stain evenly and show no internal structures. They may vary somewhat 
in size from the small forms in the upper left of Figure 4 to those in Fig-
ures 1, 2, and 3. 
The first evidence of differentiation in the protoplast is the appear-
ance, in a slightly enlarged diplococcus, of a darkly staining body in 
each cell (Fig. 4). These bodies resemble fungal nuclei. If they are 
nuclei, then it is reasonable to suppose that each half of the vegetative 
diplococci likewise contains a single nucleus which cannot be made visible 
by staining because of the density of the cytoplasm. This, by the way, 
is one of the commonest difficulties encountered in cytology of the 
fungi. 
After the appearance of these nuclei in each half of the diplococcus, 
the intervening wall disappears and the two nuclei become approxi-
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mated (Fig. 5). After the nuclei have approximated, a single chromo-
some begins to unfold from each (Figs. 6, 7, and 8). The fact that a single 
chromosome arises from each nucleus indicates that each coccus is haploid. 
Figure 9 shows the leptotene. The chromosomes have spun out into 
tortuous spirals. The outline of the cell in this figure is rather faint. The 
two chromosomes are closely associated but have not yet fused. Figure 
10 shows the fused chromosomes at early pachytene. The chromomeres 
are clearly visible and can be counted. Seven or eight of the chromo-
meres have fused, and a terminal pair of chromomeres is still unpaired. 
The entire contents of the cell appear in a single focus. 
The next stage is diplotene. Figures 11, 12, and 13 represent upper, 
middle, and lower focus of a single cell at diplotene. In this case three 
foci were necessary to make the entire contents of the single cell visible. 
It is possible to see about double the number of chromomeres that was 
present at leptotene. Presumably the chromosome has split to prepare 
c:::i~GD 
o-oa 
a b 
h 
OD 
OD 
c d 
6B 
k 
FIG. 28.-Interpretation by line drawings of some of the photographs shown in 
Figures 1 to 27. 
A single diplococcus shown in a, divides to form a small tetrad as shown in b, and 
this tetrad separates to form two diplococci on the original plane of division as shown 
in c. 
d is a drawing showing the two nuclei in a single swollen diplococcus in which the 
dividing wall has lost its original distinctness. 
e is a drawing of Figure 6, showing two chromosomes which have spun out, one 
from each of the original nuclei shown in d. 
f is a line drawing of Figure 10, showing a single string of seven synapsed chromo-
meres with the terminal pair of unsynapsed chromomeres. 
g is a drawing of the single cell shown in three foci in the photographs (Figs. 14, 
15, and 16). A larger number of chromomeres is visible with numerous intercon-
nections rather difficult to follow. 
h is an interpretation of photographs (Figs. 18 and 19) showing a cell almost filled 
with a large reticulate nucleus carrying a considerable amount of chromatin in a com-
plex net. 
In i the two chromosomes visible in Figure 21 are shown at the stage just before 
the first reduction division. 
j is an interpretation of Figure 24. The first reduction division has been com-
pleted, and the chromosomes have formed preparatory for the second reduction 
division. 
k is a drawing of the macrotetrad shown in Figure 27. 
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for the first meiotic division. Figures 14, 15, and 16 similarly represent 
three foci of another cell at the same stage. 
Next in the size sequence is the type of cell shown in Figures 17, 
18, and 19. A typical reticulate nucleus occupies the center of the 
cell. Figure 18 is a light print of Figure 19. In Figure 20, the reticulum 
has condensed, and in Figure 21 two chromosomes are seen emerging 
from the nucleus. 
Figures 22, 23, and 24 show the first reduction division which pro-
duces a large, two-celled form with a nucleus in each cell. In Figure 25 
the second reduction division has completed, and a four-celled form 
results with a single nucleus in each quarter. Figure 26 shows the 
beginning of the fragmentation of the macrotetrad into small diplococci. 
The mature viable macrotetrad is shown in Figure 27. This form 
is relatively resistant. Single macrotetrads will grow when isolated 
from a culture two months old. Single diplococci seldom produce cul-
tures when isolated from cultures more than a few days old. Although 
there is quite a size range in the small viable diplococci, the macrotetrads 
are distinct structures and are clearly different from both the large 
coccoidal bodies and the small diplococci. 
SIGNIFICANCE OF "INVOLUTION" FORMS 
The intermediate coccoidal "involution" forms (Figs. 4 to 26) have 
often been isolated and observed, but they did not change shape or 
continue to grow during the period of observation; they are nonviable. 
They may be cells which started to grow into macrotetrads and then 
degenerated or died. However, their internal structures are reflections 
of previously existing functional cell inclusions and are valuable as 
indications of processes occurring in normal cells which might not be 
capable of differentiation by staining techniques. The best cytological 
information in the study of Drosophila is obtained from the abnormal 
and monstrous chromosomes of the salivary glands of that organism. 
For many years these abnormal chromosomes were considered to be 
extreme artifacts involving almost total degeneration of the cell. Recently, 
critical study has shown them to be true chromosomes more than a 
hundred times larger than ordinary chromosomes and therefore much 
easier to study. Involution forms of bacteria probably afford similar 
valuable devices for overcoming the difficulties which small size usually 
imposes upon cytological examination of these forms. 
THE SEXUAL CYCLE IN M. OCHRACEUS 
In this critical study of the "involution" forms of a Micrococcus, the 
internal structures are interpreted as nuclei and chromosomes. It appears 
that these structures are involved in a sexual mechanism. The separate 
observations of different morphological forms in killed stained prepara-
tions were integrated into one scheme by arranging them into a sequence 
according to size, although this sequence was not observed to occur 
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under the microscope in living material. No attempt was made to select 
forms that fitted into a sequence artificially; size relations were the 
only ones considered. In the smallest forms, the vegetative diplococci, 
no internal structures were observable. In the next stage the cells were 
somewhat larger and a stainable nucleus was present in each half of 
the diplococcus. The wall separating these nuclei subsequently dissolved, 
and each nucleus spun out to form a single chromosome. These chromo-
somes paired and then continued to elongate. Cells containing about eight 
chromomeres, each one presumably a fusion chromomere, were found. 
If this interpretation is correct, it would indicate that the haploid num-
ber of chromomeres (genes?) is about eight. The next largest cells 
showed about 16 chromomeres, indicating that the string had split. In 
the succeeding stage the cells contain reticulate nuclei. Eventually each 
of these nuclei formed two chromosomes. These chromosomes were 
separated at the first meiotic cell division and later the second division 
produced the macrotetrad. This sequence has been interpreted as a 
sexual cycle. The zygote is formed by the fusion of two genetically 
identical gametes, each of which originated by the vegetative division of 
a single haploid nucleus. This type of sexual mechanism may occasionally 
give rise to variation because it provides an opportunity for chromosomal 
rearrangements to occur. However, if no such accidents occur, the zygote 
produced by this fusion is homozygous so no reassortment of genes is pos-
sible. Moreover, since the fusion occurs within a single cell, and since no 
mechanism was observed capable of permitting the sexual combination 
of free cells, it is impossible to obtain hybrids in the species studied. 
It is possible that this represents a very early evolutionary type of 
sexual mechanism and that the heterogametic sexual forms are more 
advanced phylogenetically. Parthenogenesis, when it occurs in higher 
forms, may be a reversion to an older phylogenetic process. 
ACKNOWLEDGEMENTS 
I am indebted to Dr. Mellon for his patient rereading and helpful 
suggestions on several revisions of the manuscript. Miss Margaret 
Phillips and Miss Elizabeth Deacon assisted in making the numerous 
photographs from which those shown here were chosen. Mr. Siegfried 
Ruman made enlargements from our original plates and prepared them 
for publication. 
BIBLIOGRAPHY 
1. BELAR, K. 
1928. Die Cytologichen Grundlagen der Vererbung. Gehr. Bortrager. Berlin. 
2. GUILLERMOND, M. A. 
1932. Cytologie vegetale sur la structure des bacteries. Compt. Rend. des 
Sc. Acad. des Sc. 194: 2322. 
3. HADLEY, PHILIP 
1939. Cited from Park and Williams. Pathogenic microorganisms. Lea and 
Febiger. Philadelphia. 
318 CARL C. LINDEGREN 
4. HoLLANDE, A. CH., AND G. HoLLANDE 
5. 
1931. Etudes cytologiques de quelques microbes pathogenes pour l'homme. 
Bacterium typhi Ebert. C. R. Soc. Biol. 107: 205--07. 
1931. Cytologie du Bacillus Anthracis. C. R. Soc. Biol. 108: 731-33. 
6. JOLLOS, VICTOR 
1932. Variabilitlit und Vererbung bei Mikroorganismen in ihrer Bedeutung 
fiir die Medezin. Klin. Wochenshr. 11:1-16. 
7. LINDEGREN, CARL c., AND RALPH R. MELLON 
8. 
9. 
10. 
1932. Nuclear phenomena suggesting a sexual mechanism for the tubercle 
bacillus. Proc. Soc. Exp. Biol. & Med. 30: 110-12. 
1935a. Genetical studies of bacteria-I. The problem of the bacterial nucleus. 
Zent. f. Bakt. II. 92: 41-48. 
1935b. Genetical studies of bacteria-II. The problem of bacterial variation. 
Zent. f. Bakt. II. 93: 113-122. 
1936. Genetical studies of bacteria-III. Origin of G-type colonies by trans-
genation. Zent. f. Bakt. II. 93: 389-400. 
11. MELLON, RALPH R., AND L. w. FISHER 
1933. Studies on a medium yielding the filtrable phase of a tubercle bacil-
lus. Proc. Soc. Exp. Biol. & Med. 30: 663-65. 
12. MELLON, RALPH R., RUTH D. RICHARDSON AND L . w. FISHER 
1932. Further studies on the life cycle of the avian tubercle bacillus. Proc. 
Soc. Exp. Biol. & Med. 30: 80-82. 
13. SAVILE, D . B. 0. 
1939. Nuclear structure and behavior in species of the Uredinales. Am. Jour. 
Bot. 26: 585-609. 
14. WINGE, 0. AND 0 . LAUSTSEN 
1940. On a cytoplasmic effect of inbreeding in homozygous yeast. C. R. Lab. 
Carlsberg. 23:17-39. 
CONSOLIDATION OF ELASTIC EARTH LAYERS 
D. L. HOLL 
From the Engineering Experiment Station, Iowa State College 
Received July 31, 1941 
INTRODUCTION 
It is well known in engineering practice that the settlement of soils 
under loads is caused by a phenomenon called consolidation. This 
mechanism in many cases is identical with the process of squeezing water 
out of an elastic porous medium. Such settlement is very apparent in 
clays and sands saturated with water and is due to the gradual adaptation 
of the soil to the variable distribution of stresses in the supporting 
medium. 
A simple mechanism to explain this process of consolidation was first 
proposed by Terzaghi.1 He assumed that the volume consolidation e was 
propagated throughout the medium in accordance with the same law as 
the "heat equation." Terzaghi applied this concept with remarkable 
success to the settlement of a column of soil under a constant load, when 
the water was constrained to flow axially along the column and find 
egress at the ends of the column. Biot2 has generalized this consolidation 
theory to three-dimensional problems with variable loads. The present 
paper applies this analysis to saturated earth layers of finite and infinite 
depth. In the axially symmetric case several types of boundary conditions 
are considered. 
EQUATIONS OF EQUILIBRIUM 
The equations for the elastic consolidation of a water-laden medium 
are 
G ot oa 
G\72u+---- a-=0 
1-2v ox ox 
G ot oa 
(1) G\72v+----- - a-= 0, 
1- 2v oy oy 
G ot oa 
G\72tv+----- - a- = 0, 
1- 2v oz oz 
1 K. Terzaghi, Erdbaumechanik, Leipzig (1925) ; "Principles of soil mechanics," 
Engr. News Record (1924); Also see Proc. Int. Cong. for Appl. Mechanics, p. 288, 
Delft 1924. 
• M. A. Biot, "General Theory of Three-Dimensional Consolidation," Jour. of Appl. 
Phys., Vol. 12, pp. 151-64; "Consolidation Settlement Under a Rectangular Load Dis-
tribution," Jour. of Appl. Phys., Vol. 12, pp. 426-30; "Consolidation Settlement of a Soil 
with an Impervious Top Surface," Jour. of Appl. Phys., Vol. 12, pp. 578-81, 1941. 
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(2) 
where 
u, v, w = components of displacement in the supporting medium 
G, v =shear modulus and Poisson ratio of a completely consoli-
dated medium 
a = hydrodynamic excess pore pressure 
OU ov ow 
E = - + - + - = divergence of displacement vector or the con-
ox oy oz 
solidation per cubic unit of soil 
k 
c = - coefficient of consolidation 
a 
k =coefficient of soil permeability 
1-2v 
a = , final compressibility 
2G(l-v) 
a = ratio of water egress per unit volume to the "total consolidation" 
per unit volume. 
In deriving these equations, Biot has assumed (1) the medium is 
isotropic, (2) the stress-strain relationships are reversible under final 
equilibrium conditions, (3) the strains are small and ( 4) are linear 
functions of the stresses, (5) the fluid itself is incompressible but may 
contain air bubbles, and (6) the osmotic pressure causes the fluid to fl.ow 
in accordance with Darcy's law. fo defining the ratio a , the total consoli-
dation includes the consolidation of the pores containing air bubbles as 
well as the liquid pores. The range of a is from zero to one. If a = 1 the 
soil is completely saturated, and if a = 0 the soil is completely dehydrated. 
In a completely saturated soil it is assumed that the initial load-bearing 
capacity of the soil is carried by the water, but at any subsequent time 
the load is continuously transferred to the soil skeleton. 
AXIALLY SYMMETRIC LAYER 
Consider a layer of soil of finite depth h supported on a rigid rock 
surface and infinite in extent in all horizontal directions. Adopting 
cylindrical coordinates with the origin in the surface plane z = 0 and the 
Z axis directed downward into the layer, one has the equilibrium equa-
tions (1) in the form 
G OE 00' 
G\72u+-- --a-=0, 
l-2v or or 
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G OE 0<1 
av2w+-- --a-=0, 
1- 2v oz oz 
(3) 
where u, w are the radial and axial components of displacement and 
OU u ow 
E=-+-+-. 
or ,,. oz 
It is expedient to employ the operational form of the equations involving 
time by introducing the operator p for o/ot, and Eq. (2) becomes 
(4) 
It is also assumed that the surface loads q ( r) applied instantly at t = 0 are 
of such a character that they can be represented by a Fourier-Bessel 
integral. One seeks a solution of Eqs. (3) and (4) for u, w, and such that 
the boundary conditions at the surfaces z = 0 and z = h of the layer are 
satisfied. 
It can be shown that the following is a suitable form of the solution. 
u (r,z,p) =-[A.A cosh tz + A.B sinh tz + C1 (cosh AZ+ AZ sinh A.z) 
(5) + C2 sinh A.z +Ca (sinh l.z + A.z cosh A.z) + C4. cosh A.z] Ji (A.r) , 
w (r,z,p) = [~ sinh tz + tB cosh tz + C1 A.z cosh A.z + C2 cosh Az 
+Ca AZ sinh AZ+ c4 sinh A.z] Jo (Ar) ' 
pa2 
acr (r,z,p) = [2G s..::_ (A cosh tz + B sinh t.z) 
c 
+ 2G (A.C1 cosh AZ+ A.Ca sinh A.z)] J 0 (Ar) , 
(6) where ~2 = A 2 + pa2 I c ' 
1-v 
a=--. 
1- 2v 
The six constants of integration can be determined from the boundary 
conditions. Three of these conditions are 
(7) 
<1z = -q(r) atz = 0, 
'trz = 0 
w=O 
atz = 0, 
atz = h. 
The first and second conditions state that the applied surface load is 
a normal loading with no surface-shearing forces. The third condition 
states that the supporting rock surface is rigid, allowing no axial move-
ment. The three remaining conditions are indicated for the following 
cases. 
(I) Smooth impervious rock support and open top surface. These 
conditions are 
'trz = 0 at z = h ' 
322 
(8) 
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ocr 
-=Oatz=h, 
oz 
cr = 0 atz = 0. 
The last boundary condition indicates that the excess water pressure 
vanishes at the top surface, or the total hydrostatic pressure becomes the 
atmospheric pressure at this surface. This assumes that the surface load 
is applied on a porous flexible mat which permits a free egress of surface 
water. The first two of Eqs. (8) indicate that the rock surface z = h is 
smooth and impervious to the flow of water. 
(9) 
The values of five of the constants for this case are 
B = -A tanh th, 
8pa2 
C1=---A, 
c 
apa2 
C2 =A (t tanh th - --tanh Ah) , 
Ac 
apa2 
Ca = A--tanhAh , 
AC 
C4 = A - + -- (1 + Ah sech Ah csch Ah) . [ t tanh th apa2 J 
tanhAh AC 
(II) Smooth porous tf'ock support and open top surface. In this case 
the second of Eq. (8) is replaced by cr = 0 at z = h, and the constants are 
B =-A (coth th -sech Ah csch Ah) , 
apa2 
C1= - --A , 
AC 
[ ~~ J (10) C2 = A t coth th - t sech Ah csch th-k tanh Ah , 
apa2 
Ca = A--tanh Ah, 
Ac 
C4 = - tA ( coth th coth Ah - 2 csch th csch Ah 
apa2 
+ coth th sechAh csch Ah) + --A (1 + Ah csch Ah sech Ah) . 
Ac 
(III) Smooth impervious rock support and impervious top surface. 
B = - A tanh t h , 
(11) 
(12) 
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()pa2 
C1 = ---~ coth'Ahtanh'Ah, 
J,2c 
()pa2 
C4 = - tA tanh th coth 'Ah + --~ tanh th ( coth 'Ah J,2c 
+'Ah csch2 'Ah). 
(IV) Smooth porous rock support and impervious top surface. 
t 
A = -B (tanh th +-csch'Ah sech th), 
'A 
C4 = - tB( sech th csch 'Ah - coth 'Ah - ~ csch2 'Ah tanh th) 
()pa2 
- tB -- ('Ah csch2 'Ah + coth 'Ah). 
J,2c 
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It is interesting to note that the limiting forms of these values (9) and 
(10), also (11) and (12), agree when h becomes indefinitely large, that is 
when the earth layer becomes a semi-infinite region. The values of these 
constants are somewhat more complicated when the rock support is 
rough. In this case the condition u = 0 replaces the condition 
'trz = 0 at the surface z = h. 
In order to complete any one of these cases, the remaining constant 
must be determined from the condition that the stress <1z must balance the 
applied load q (r) at z = 0. The stresses are given by 
C1z = 2G ( OW + -2'.:_ )- aC1 , 
oz 1-2v 
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(13) cr. = 2G(~ + ~)- acr, 
or 1-2v 
cro = 2G(~ + ~)- acr, 
r 1-2v 
't'rz = G ( OW + ~ )· 
or oz 
We shall take the surface loading to be 
q (r) = /..Q (/..)Jo ('Ar) 
where Q (/..) will indicate various loading intensities. From the first of 
Eqs. (13) one finds 
(14) [crz]z=O = -q (r) = - l..Q (l..)J0 (A.r) . 
Two cases arise according to whether cr vanishes or does not vanish at the 
surface. For I and II the identity in r in Eq. (14) leads to 
-'AQ('A) 
(l5) A = 2G (1..2 + /..C4 /A) ' 
where the ratio C4/ A is given by the last of Eqs. (9) and (10) for the two 
cases of an impervious and porous rock surface. In the cases III and IV 
the final constant can also be expressed in terms of A and Q (A.) the loading 
intensity. 
One observes that when a= 0, equations (3) and (4) are the equili-
brium equations of an elastic medium containing no excess water pressure, 
and (13) gives the corresponding stresses. Only the normal stresses in 
(13) are supplemented by this excess water pressure. By carefully ex-
amining the indeterminate forms which arise when a~ 0 in the solution 
given by Eq. (5), one can show that cr is identically zero everywhere and 
u and w agree with the solution obtained by Marguerre3 for a layer on 
a smooth rock surface. 
Since the solution is in operational form, one may conclude that the 
same limiting form of the solution is obtained when a =I= 0 and p ~ 0 as 
when p =I= 0 and a~ 0. However, it is known from operational cal-
culus that the solution for t ~ oo is obtained by allowing p ~ 0. This 
permits one to state that the final state of consolidation is the same as the 
instantaneous state of the same dehydrated earth under purely elastic 
deformation. 
SURFACE DEFLECTION OF AXIALLY SYMMETRIC LA YER 
Consider only cases I and II. From Eq. (5) one finds that the surface 
deflection is 
• K. Marguerre, "Spannungsverteilung und Wellenausbreitung in der Kontinuier-
lich gestiitzten Platte," lngenieur-Archiv, 4: pp. 332-53, 1933. 
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()pu2 
= - -- A tanh 'Ah J 0 ('Ar) AC 
(16) 
apa2 Q('A) tanh'AhJo('Ar) 
c 'A.2 + 'AC4/A 
This is the operational form of the surface deflection when subjected 
to a load q (r) = 'AQ ('A) J 0 ('Ar). For an impervious smooth surface 
at z = h, equation (16) becomes 
(17) 
apa2 
[w]z=o=--
C [ 
Q ('A) tanh 'Ah J 0 ('Ar) 
'A2 -l.s coth 'Ah tanh ~h + ·. ~a' (1 + ).h "'chAh csch Ah)] 
The limiting values of this surface deflection at t = 0 and at t = oo (i. e., 
p~ oo and p~ 0) are 
(18) 
(19) 
Q ('A) sinh2 'Ah Jo ('Ar) 
w(r,0,0) 
2G ('Ah + sinh 'Ah cosh 'Ah) 
(1-v) Q ('A) sinh2 'Ah J 0 ('Ar) 
w (r, 0, oo) = -----------
G ('Ah + sinh 'Ah cosh 'Ah) 
This shows that the final displacement is 2 (1-v) times the initial dis-
placement for any type of loading q (r). Moreover, the same limiting 
displacements given by (18) and (19) which are deduced for Case I also 
hold for Case II, i.e., when the smooth surface is porous. Although the 
initial and final displacements are the same, the rate at which settlement 
occurs differs. In the latter case, where the rock surface is porous, the 
. settlement is more rapid. 
SEMI-INFINITE LAYER 
As an example of the previous analysis, consider the case of a uni-
formly distributed circular load applied at t = 0 to the upper surface of a 
semi-infinite earth containing imprisoned water. This loading may be 
represented by the superposition of an infinite number of loads of the 
type Q ('A)J0 (h) if 
Q ('A) = PJi('AR) /:rr.'AR, where P = rtqoR2 
is the total load over the circle of radius R. Introducing this loading and 
allowing h to become indefinitely large, one finds from (17) 
(20) aP 100pu2J 1('AR)J0 ('Ar)dA [w]z-·O =-- ---------
- rt o c/,R (J..2-/,~+()pu2/c) . 
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The deflection at any time t is 
(21) 
where 
(22) 
where 
and 
[w (t) ] z=O = -- J1 (J..R)J0 ('Ar)F (v, 'Ay'ct/ a.)d'A/'A, p 100 
2n:GR 0 
F (v,£)= 1- v(l - e-f3~')-(l -v)Erf £ 
-ve-f3~' Erf (£ y'l-~), 
1-2v 
~ = (1-v) 2 ' 
Erf x = 2_ 1:-•' ds. 
y'n: 0 
This latter integral is the "error function" or probability integral and 
is tabulated. 
By shrinking the circular load to a point load, one finds that (21) 
becomes 
p 100 [w (t) ]z=o=-- J o(Ar)F (v,£) dA. 
4n:G 
0 
(23) 
From this result, one can derive the plane strain case by summing the 
deflections due to an infinitely long line load. This yields 
(24) p 100 100 [w] z=O = -- F (v, £ (A)) dA J 0 (A y'x2+ y2) dy 
2n:G 
0 0 
p 1 00 
= - - F ( v, £ ('A) ) cos A:x: dA/'A . 
2n:G 
0 
This result may be employed to obtain the result derived by Biot2 for a 
long rectangular load of width 2L, 
p f, oo JL [w]z=O = -- F (v, £ (}.)) d'A/'A cos A (x - x') dx' 
2n:G I 0 -L 
(25) 
p 100 
=-- F(v,£0.))[sin'A (x+L)-sin'A(x-L)]d'A/ 'A2 • 
2n:G 
0 
This integral does not exist. However, by subtracting the initial displace-
ment, i.e., Eq. (25) with F (v, O), we may examine the subsequent settle-
ment which Biot has considered. 
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THREE-DIMENSIONAL SOLUTION 
Consider a semi-infinite earth supporting a double wave load of the 
type 
(26) . q (x, y) = Q (A, K) cos Ax cos KY. 
The problem is to find a solution of (1) and (2) such that u, v, w, and 11 
vanish at infinity, with 11 =Txz = Tyz = 0 at z = 0 and l1z = -q at z = 0. 
This solution is 
(27) 
where 
(28) 
u = [AC1e-'Yz - AC2 (1 - µz) e-µz + ACse-µ•] sin AX cos KY, 
v = [KC1e-'Yz - KC2 (1 - µz) e-µz + KC3e-µ•] cos Ax sin KY, 
w = [yC1e-'Y• + µ2C2ze-µz + µCse-µ•] cos Ax cos KY, 
a11 =[ - 2GaC1 P:2 e-'Yz + 2Gµ2C2e-"• J cos Ax cos KY, 
µ2 = A2 + K2' 
y2 = µ2 + pa2/c, 
Ca=C1(apa2 _!._), 
µ2c µ 
apa2 
C2=C1--. 
µ2c 
This is the operational form of the solution in terms of the undetermined 
constant C1 for a semi-infinite earth with imprisoned water which has 
free egress at the top surface. From the first of Eq. (13) and the identity 
arising from 
one finds 
(29) 
(1-2v) Q (A,K) (µy+µ2+apa2/c) 
C1=~~~~~~~~~~~~-
(2Gpa2/ c) (µ2+pa2/~c) 
The surf ace deflection is 
apa2 
[w]z- o _:_--Ci cos Ax cos KY. 
µc 
Consider the example of a load P uniformly distributed over a rec-
tangular area 2Z by 2m, then 
2P sin AZ sin Km 
Q(A,1<) =-
Jtlm KA 
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From the principle of superposition, one may show that the surface de-
flection is given by 
2P 1 ool oo - d/..d" (30) (w]z=o = -- F(v,µyct)cos/..xcos"y sin/..Z sinKm--. 
rrlmG KAµ 
0 0 
In a subsequent paper some graphical results will be shown for parti-
cular types of loads in the axially symmetric case and the three-dimen-
sional case in rectangular coordinates. 
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The present paper contains the descriptions of two new lace bugs 
from Peru and notes on another species found breeding on cotton. The 
holotype and allotype are in the Drake Collection and paratypes in the 
collection of both authors. 
Monantbia senta, sp. nov. 
Moderately large, ovate, yellowish brown, with a few brown to 
dark fuscous markings. Head reddish brown, with five, rather long, 
slender, porrect, testaceous spines, the apical half of spines generally 
dark fuscous with the tips testaceous; antennae slender, testaceous, 
indistinctly hairy, the terminal segment largely black-fuscous; segment 
I short, slightly longer and slightly stouter than II; III very slender, 
nearly four times as long as IV; IV subclavate, with long hairs; bucculae 
broad, closed in front, areolate. Rostral channel deep, rather narrow on 
mesosternum, very abruptly widened and extremely broad on meta-
sternum, there with the laminae of the sides strongly converging pos-
teriorly and entirely open behind. Orifice indistinct. 
Pronotum convex, tricarinate, subtruncate in front, median carina 
composed of one row of small areolae, beset with small spines above, 
in front slightly elevated and there with the collar slightly inflated so as 
to form a very small hoodlike structure; collar distinct, reticulate; paranota 
very broad, strongly reflexed and resting on the dorsal surface of pro-
notum, each with outer margin touching the median carina and with 
two strongly raised, narrow, moderately high, inflated, sharply arched 
elevations, the median nervure of each elevation beset with short spines; 
lateral carinae exposed on triangular process, there slightly arched 
and divaricating posteriorly. Elytra broad, testaceous, some of the 
nervelets brown to dark fuscous; costal area broad, biseriate, with the 
marginal nervure very pale, biseriate, sometimes with an extra areolae 
in widest part, the areolae very large, irregular in both size and arrange-
ment, the transverse nervures thick and brown to dark fuscous; subcostal 
area very broad, finely areolate; discoidal area with large, reversed 
C-shaped area at the apex extending deeply into subcostal area, there 
with the boundary at base and apex sharply raised. 
Holotype (male), allotype (female), 14 paratypes, collected on a 
woody shrub, Sullena and Paila, Peru, May 10, 1940, E. J. Hambleton. 
The four, high and sharply raised projections on pronotum (part of 
paranota) and the strongly developed apical portion of nervure clos-
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ing discoidal area, which forms a peculiar, reversed C-shaped mark, 
are distinguishing characters. This species is not easily confused with 
other members of Monanthia from the Western Hemisphere. 
Corythaica costata Gibson 
Common on cotton and widely distributed in Peru; known also from 
Ecuador. Separated readily from C. cyathicollis Costa by the small bulla 
on the nervure (beyond middle) separating discoidal and sutural areas 
and the uniseriate costal area. C. cytharina (Butler) from Galapagos 
Island, is a very closely related species. The latter seems to be distinctly 
smaller and has the elytra slightly more constricted beyond the middle; 
the hood, paranota, carinae, and other structures are much smaller. 
Although the genus Corythaica Stal, 1873, is a very distinct genus, 
it has been much confused in the literature. The genera Typonotus Uhler, 
1898, and Leptotingis Monte, 1938, are both synonyms of Corythaica. 
Leptotingis (= Corythaica) umbrosa Monte is a good species and a 
typical member of the genus Corythaica. 
Long- and short-winged specimens of C. umbrosa (Monte) are at 
hand from Pari;tguay and Brazil. 
Corythucha nocentis, sp. nov. 
Small, whitish testaceous, with fuscous markings. Antennae pale 
testaceous, moderately long, beset with long, stiff hairs. Rostrum extend-
ing almost to end of sulcus, black at apex; laminae whitish, areolate. Body 
beneath black. Legs slender, pale testaceous, the tarsi brown. 
Pronotum pale stramineous, slightly convex, indistinctly punctate; 
triangular process small, mostly white, areolate behind; lateral carinae 
short, scarcely extending forward beyond triangular process, raised 
anteriorly and moderately high in front, areolate; median carinae moder-
ately elevated, arched above, about one-half as long and nearly one-half 
as high as hood, areolate; hood moderately large, strongly constricted at 
the middle, narrowed in front, inflated and the areolae at crest of hind 
portion mostly infuscate, extending back over disc of pronotum. Elytra 
distinctly constricted at the middle, not narrowed posteriorly, whitish 
testaceous with a transverse band near the base and another broader one 
at the apex dark fuscous, the latter with two large, clear cells, some of 
the areolae in both bands partly clear; tumid elevation moderately large, 
with few fuscous spots; costal area broad, triseriate. 
Length, 2.70 mm.; width, 1.60 mm. 
Holotype (male), allotype (female) and many paratypes, Dec. 14, 
1940, Canete, Peru. 
This species resembles C. marmorata Uhler in general appearance, 
but less marmorate and with different hood and carinae. C. morrilli 
0. & D. is a more elongate species. The paranota are large, whitish and 
usually with a small fuscous spot near the middle. The outer margins of 
elytra, paranota and sides of hood are beset with sharp, mostly black-
tipped spines. The male is usually a little smaller than the female. 
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Acids and carbon dioxide, effect of, on 
survival of micro-organisms, 132 
Acids, mineral, as saccharifying agents for 
production of fermentable sugars 
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properties of, 519 
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tative estimation of wool, 391 
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americanus, 542 
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American coot, parasites of, in central 
Iowa, 437 
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Amylase, soybean, concentration, char-
acterization, and properties of, 108 
Anhyssus tricostatus, 361 
Anopheles, 212 
maculipennis, 212 
punctipennis, 212 
quadrimaculatus, 213 
walkeri, 214 
Ants, new, from Minnesota, Iowa, and 
Wisconsin, 399 
Approximations of functions by the use 
of functionals, errors in, 41 
Archimedean screw, modified, chemical 
engineering applications of, 19 
Argas persicus, 539 
Artichokes, levulose from, 291 
Bacteria, fluorescent, in dairy products, 
363 
Bacterial action, distribution of salt in 
butter and its effect on, 75 
Basal metabolism, factors contributing to 
variability in, 158 
Bionomics and morphology of the black 
onion fly, Tritoxa flexa (Wied.) (Dip-
tera, Ortalidae), 96 
Black onion fly, bionomics and morphol-
ogy of, 96 
Blattella germanica L., circulation of 
hemolymph in the wings of, 349 
Blood of pregnant rats fed a diet con-
taining dried autoclaved pork mus-
cle, concentration of sugar in, 69 
Blue cheese, relationship of the lipolytic 
and proteolytic activities of various 
penicillia to the ripening of, 77 
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Butterfat, effect of soybeans and soybean 
oil on production and quality of, 148 
Calcium chloride, effects of, on motility 
of the isolated crop of Periplaneta 
americana, 57 
Carbon, activated, from certain agricul-
tural wastes, 227 
Carbon dioxide and acids, effect of, on 
survival of micro-organisms, 132 
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L., 349 
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the wings of, 349 
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Concentration, characterization, and prop-
erties of soybean amylase, 108 
Concentration of sugar in blood of preg-
nant rats fed a diet containing dried 
autoclaved pork muscle, 69 
Condensation of mercaptans with chloral 
in the gaseous phase, 99 
Conjunctivitis, new species of Neisseria 
from, 471 
Consolidation of elastic earth layers, 319 
Continuity, the x• correction for, 421 
Continuous space frames, analysis of, by 
three-dimensional moment-distribu-
tion and slope-deflection methods, 88 
Coot, American, parasites of, in central 
Iowa, 437 · 
Copper oxide catalysts in the hydrogena-
tion of furfural, some metallic oxides 
as promoters for, 134 
Corn, sweet, origin of, 481 
Correction, x•, for continuity, 421 
Correlation, serial, in the analysis of time 
series, 3 
Cotton flea hopper, host relation of, 66 
Cotton prematurely killed by cotton root 
rot, effect of insect control on the 
yield and quality of, 82 
Cotton root rot, effect of insect control 
on the yield and quality of cotton 
prematurely killed by, 82 
Cottontail, Eimeria neoleporis occurring 
naturally in, transmissible to the tame 
rabbit, 409 
Culex, 221 
apicalis, 221 
erraticus, 224 
pipiens, 224 
restuans, 223 
salinarius, 223 
tarsalis, 222 
Dahlias, levulose from, 291 
Dairy cattle, physiologic and economic 
efficiency of rations containing differ-
ent amounts of grain when fed to, 10 
Dairy products 
action of mold inhibitors on, 152 
fluorescent bacteria in, 363 
Dermacentor variabilis, 542 
Dielectric constant of gases at ultra-high 
frequencies, 128 
Dietary modifications, effects of, on the 
tapeworm Hymenolepis diminu.ta, 60 
Diet containing dried autoclaved pork 
muscle, concentration of sugar in 
blood of pregnant rats fed a, 69 
Differential equations, linear, solution of, 
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Dinitrophenols, internal effects of, on in-
sects, 146 
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Ecology and management of the mourn-
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(Linn.), in southwest Iowa, 93 
Ecology and management of the Redhead, 
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Economic efficiency of rations containing 
different amounts of grain when fed 
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Eimeria neoleporis n. sp., occurring nat-
urally in the cottontail and trans-
missible to the tame rabbit, 409 
Eimeria nieschulzi, growth-promoting 
potency of feeding stuffs, nature of, 
443 
Elastic earth layers, consolidation of, 319 
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the ionizing power of non-aqueous 
solvents, relationship between, 103 
Energy, radiant, in plants, absorption of, 
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Engineering, chemical, applications of a 
modified archimedean screw, 19 
Equations, linear differential, solution of, 
by the use of functionals, 140 
Feeding stuffs, nature of Eimeria nie-
schulzi growth-promoting potency of, 
443 
Fermentable sugars from starch, mineral 
acids and mold amylase as sacchari-
fying agents for production of, 55 
Fermentation of the acid hydrolyzate of 
oat hulls, production of chemicals by, 
122 
Fermentation products, several Aceto-
bacter suboxydans, polarographic 
method in the investigation of, 52 
Fermentations, several, effect of con-
trolled pH upon the production of 
chemicals in, 63 
Fermentative utilization of cassava, 15 
Fetal livers of rats fed a diet containing 
dried autoclaved pork muscle, glyco-
gen in, 46 
Fixed nitrogen content of power plant 
flue gases, determination of, 207 
Flea hopper, cotton, host relation of, 66 
Fluorescence associated with proteins, 125 
Fluorescent bacteria in dairy products, 
363 
Fly, black, onion, bionomics and mor-
phology of, 96 
Food preference trends of eastern ruffed 
grouse in Iowa, seasonal, 331 
Formica 
fossaceps, n. sp. 
reflexa, n. sp. 
Fox squirrel, western, inventory methods, 
299 
Fractionation of starch, 37 
Frames, continuous space, analysis of, by 
three-dimensional moment distribu-
tion and slope-deflection methods, 88 
Frequencies, ultra-high, dielectric con-
stant of gases at, 128 
Fulica americana, parasites of, in central 
Iowa, 437 
Functionals, approximate solution of lin-
ear differential equations by the use 
of, 140 
Functionals, errors in the approximations 
of functions by the use of, 41 
Functions, errors in the approximations 
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Fungi in modern genetical analysis, the 
use of, 271 
Fungi, soil-inhabiting, attacking the roots 
of maize, 72 
Furfural, some metallic oxides as pro-
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the hydrogenation of, 134 
Gases at ultra-high frequencies, dielec-
tric constant of, 128 
Gases, power plant flue, determination of 
total fixed nitrogen content of, 207 
Generalized operator, properties of, 173 
Genetical analysis, modern, the use of 
fungi in, 271 
Germicidal properties of sodium hydrox-
ide and alkaline washing compounds, 
evaluation of, 519 
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Grain when fed to dairy cattle, physio-
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Hemolymph in the wings of the cock-
roach, circulation of, 349 
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Histogenesis in the roots of Holcus sor-
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Hopper, cotton flea, host relation of, 66 
Host relation of the cotton flea hopper, 66 
Hulls, oat, production of chemicals by 
the fermentation of the acid hydroly-
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Hydrogenation of furfural, some metallic 
oxides as promoters for copper oxide 
catalysts in, 134 
Hydrogen overvoltage of solutions, effect 
of presence of salts on, 85 
Hydrolyzate of oat hulls, acid, production 
of chemicals by the fermentation of, 
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Hydroxide, sodium, germicidal properties 
of, 519 
Hymenolepis diminuta, effects of dietary 
modifications on, 60 
i-inositol, properties of compounds pro-
duced by the action of Acetobacter 
suboxydans upon, 120 
Indian reservation, Tama (Iowa), ticks 
collected on, 539 
Insect control, effect of, on the yield and 
quality of cotton prematurely killed 
by cotton root rot, 82 
Insects, some internal effects of dinitro-
phenols on, 146 
Internal effects of dinitrophenols on in-
sects, 146 
Interreflection of light between parallel 
planes, 114 
Inventory methods applicable to the 
western fox squirrel, Sciu:rus niger 
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Ionic exchange materials and their uses, 
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Ionizing power of non-aqueous solvents, 
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Iowa ants, new, 399 
Iowa, central, parasites of the American 
coot in, 437 
Iowa cities, ten, mosquito light trap 
catches from, 487 
Iowa mosquitoes, preliminary report on, 
211 
Iowa seasonal food preference trends of 
eastern ruffed grouse, 331 
Iowa State College women, nutritional 
status of, 158 
Irradiation experiments, analysis of group 
differences arising from a poisson dis-
tribution of observations obtained 
from, 49 
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clavigeroides, n. sp. 
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Linear differential equations, solution of, 
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Nuclear apparatus and sexual mechanism 
in a micrococcus, 307 
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Nyroca americima (Eyton), in Iowa, ecol-
ogy and management of, 90 
Oat hulls, production of chemicals by the 
fermentation of the acid hydrolyzate 
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Operator, generalized, properties of, 173 
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Organoaluminum halides, 7 
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metal interconversions with, 106 
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Oxide, copper, catalysts in the hydrogena-
tion: of furfural, some metallic oxides 
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tained from _ irradiation experiments, 
analysis of group differences arising 
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Potassium, effects of, on motility of the 
isolated crop of Periplaneta ameri-
cana, 57 
Potency of feeding stuffs, Eimeria nie-
schulzi growth-promoting, nature of, 
443 
Production of chemicals by the fermenta-
tion of the acid hydrolyzate of oat 
hulls, 122 
Proteins, fluorescence associated with, 125 
Proteolytic activities of various penicillia, 
relationship of, to the ripening of 
blue cheese, 77 
Psallus seriatus, host relation of, 65 
Psorophora, 216 
ciliata, 216 
columbiae, 217 
ferox, 216 
horrida, 216 
signipennis, 217 
Psyllinae in America north of Mexico, 145 
Quantitative estimation of wool, compari-
son of the aluminum-chloride and 
sulfuric-acid methods for, 391 
Quantitative volumetric titration of heavy 
metals, 111 
Rabbit, tame, Eimeria neoleporis occur-
ring in the cottontail transmissible to, 
409 
Radiant energy in plants, absorption of, 
44 
Radicals, electron-sharing ability of, 103 
Radicles, divalent organolead, 8 
Rations containing different amounts of 
grain when fed to dairy cattle, the 
physiologic and economic efficiency 
of, 10 
Rats fed a diet containing dried auto-
claved pork muscle, glycogen in ma-
ternal and fetal livers of, 46 
Rats, pregnant, fed a diet containing dried 
autoclaved pork muscle, concentra-
tion of sugar in blood of, 69 
Reactivities, relative, of some organo-
metallic compounds, 7 
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Redhead, ecology and management of, in 
Iowa, 90 
Rhipicephalus sanguineus, 541 
Rhopalidae, Chilean, in the Edwyn D. 
Reed collection, 357 
Root rot, cotton, effect of insect control 
on the yield and quality of cotton 
prematurely killed by, 82 
Roots of Holcus sorghum L., histogenesis 
in, 189 
Roots of maize, soil inhabiting fungi at-
tacking the, 72 
Ruffed grouse, eastern, seasonal food 
preference trends in Iowa, 331 
Saccharifying agents for production of 
fermentable sugars from starch, min-
eral acids and mold amylase as, 55 
Salt in butter, distribution of, and its 
effect on bacterial action, 75 
Salts, effect of the presence of, on the 
hydrogen overvoltage of solutions, 85 
Sciurus niger rufiventer, inventory meth-
ods, 299 
Screw, modified archimedean, chemical 
engineering applications of, 19 
Seasonal food preference trends of eastern 
ruffed grouse in Iowa as shown by 
dropping analysis, 331 
Serial correlation in the analysis of time 
series, 3 
Sexual mechanism in a micrococcus, 307 
Silks, effect of sodium thiosulfate and 
sodium hydrogen sulfite on, 411 
Slope-deflection method, analysis of con-
tinuous space frames by, 88 
Sodium, effects of, on motility of the 
isolated crop of Periplaneta ameri-
cana, 57 
Sodium hydrogen sulfite, effect of, on 
some silks, 411 
Sodium hydroxide, germicidal properties 
of, 519 
Sodium thiosulfate, effect of, on some 
silks, 411 
Soil-inhabiting fungi attacking the roots 
of maize, 72 
Soil pore space, microscopic method for 
measuring, 137 
Soil structure, microscopic method for 
characterizing, 137 
Soils, micromorphological approach to the 
study of, 80 
Solution of linear differential equations 
by the use of functionals, 140 
Solutions, effect of the presence of salts 
on the hydrogen overvoltage of, 85 
Solvents, non-aqueous, ionizing power of, 
103 
Soybean amylase, concentration, char-
acterization, and properties of, 108 
Soybeans and soybean oil, effect of, on 
milk and butterfat production and on 
the quality of the butterfat, 148 
Space frames, continuous, analysis of, by 
three-dimensional moment-distribu-
tion and slope-deflection methods, 88 
Squirrel, western fox, inventory methods, 
299 
Starch, fractionation of, 37 
Starch, mineral acids and mold amylase 
as saccharifying agents for production 
of fermentable sugars from, 55 
Stereoisomeric alcohols, the number of, 
161 
Sugar, concentration of, in blood of preg-
nant rats fed a diet containing dried 
autoclaved pork muscle, 69 
Sugars from starch, fe~entable, mineral 
acids and mold amylase as saccharify-
ing agents for production of, 55 
Sulfuric-acid method for quantitative 
estimation of wool, 391 
Survival of micro-organisms, effect of 
carbon dioxide and acids on, 132 
Sweet corn, origin of, 481 
Tama (Iowa) Indian reservation, ticks 
collected on, 539 
Tapeworm Hymenolepis diminuta, effects 
of dietary modifications on, 60 
Tensor Analysis, theory and application 
of, 21 
Theobaldia, 214 
inornata, 214 
morsitans, 215 
Three-dimensional method, analysis of 
continuous space frames by, 88 
Ticks collected on the Tama (Iowa) Indi-
an reservation with notes on other 
species, 539 
Soil structure, microscopic method of ' Time series, serial correlation in the 
studying, 379 analysis of, 3 
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Tingitidae, Peruvian, two new, 329 
Titration, quantitative volumetric, of 
heavy metals, 111 
Triozinae in America north of Mexico, 145 
Tritota flexa (Wied.), bionomics and mor-
phology of, 96 
Ultra-high frequencies, dielectric constant 
of gases at, 128 
Unsymmetrical organobismuth com-
pounds, 155 
Unsymmetrical organolead compounds, 33 
Uranotaenia, 214 
sapphirina, 214 
Vaginitis, new species of Neisseria from, 
471 
Veratrum, American, chemical investiga-
tion of, 130 
Veratrum viride, chemical investigation 
of, 130 
Volumetric titration of heavy metals, 111 
Wastes, agricultural, activated carbon 
from, 227 
Western fox squirrel, major factors affect-
ing the use of two inventory methods 
applicable to, 299 
Wisconsin ants, new, 399 
Women, Iowa State College, nutritional 
status of, 158 
Wool, comparison of the aluminum-chlor-
ide and the sulfuric-acid methods for 
quantitative estimation of, 391 
Xenogenus gracilis, 360 
Yield of cotton prematurely killed by 
cotton root rot, effect of insect control 
on, 82 
Zenaidura macroura (Linn.), in southwest 
Iowa, ecology and management of, 93 
